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The Phyllojiods constitute a division or suborder of the BrancMopoda,
an order of Neocaridous Crustacea, intermediate between the Unto-
mostraca (represented by the Copepoda and parasitic forms or fish-lice)

and the Malacostracous Crustacea (Tetradecapoda and Decajjoda).

They inhabit fresh water alone, in a few cases brackish water or strong
brine, but none dwell in the sea.

The Phyllopod Crustacea are especially characteristic of the western
plains of our Territories, where the most striking and typical forms
abound, one entire family [Apodidce) not occurring east of the western
edge of the Mississippi Valley, while the most bizarre member of the
entire group, the Thamnocephalus, lives in pools on the plains of Kansas.
These Crustacea are of singular beauty and interest in themselves.

The outlines of the BrancMpodidce are interesting, and their movements
while swimming on their backs are singularly graceful. Moreover,
when we consider the habits of all the Phyllopods; their singular means
of adaptation to great changes in their environment; the great vitality

of the species ; when we take into account their weak and delicate indi-

vidual organization, and when we note their interesting metamorphoses
and many points in their structure, we are forced to conclude that the
Phyllopods are the most interesting of all the Crustacea.
The materials for this monographic account of a most interesting group

of Crustacea have been accumulating for over ten years.

My collection has consisted of specimens obtained by the various gov-
ernment surveys and sent to the Smithsonian Institution, and received
from the late Dr. Stimpson, secretary of the Chicago Academy of Sci-

ence, shortly before the Are which destroyed the museum of the acad-

emy. A large and very valuable collection was made for me by Dr. L.

Watson, of Ellis, Kans., while a very valuable collection from Fort
Wallace, Kansas, has been kindly loaned me by Prof. Joshua Lindahl,
of Augustana College, Rock Island, 111. I am also indebted to the Pea-
body Academy of Science, Salem ; the Museum of Comparative Zoology
at Cambridge, for the loan of specimens, as well as to the Museum of
Yale College ; and to Dr. C. F. Gissler, Mr. W. P. Seal, Mr. S. A. Forbes,
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296 GEOLOGICAL SURVEY OF THE TERRITOEIES.

Prof. A. E. Vsrrill, Mr. Edward Burgess, Dr. E. Ooaes; acknowledg-
ments of whose valnable aid are made iu tlieir appropriate places.

In the following pages I have touched upon some points in the inter-

nal anatomy of these interesting Crustacea, and only regret that want
of time has prevented me from entering more into detail. For a num-
ber of microscopic slides of Branchipus, Thamnocei>halus, Estheria,

&c., I am much indebted to the friendly aid and skill of Noiman IST.

Mason, esq., of Providence, E. I.

I desire also to express my thanks to Prof. F. V. Hayden, for the kind

interest which he has taken in this work, and for the liberal number of

plates with which the essay has been illustrated.

The chapter on the development of the young of Apus lucasanuft and
Streptoccplialus texanus has been contributed by Dr. 0. F. Gissler, of

Brooklyn, IsT. Y., who made the draAvings which illustrate the text, and
also those composing Plates XXXIV and XXXV. A number of the

drawings of the entire animal of the species of Apus and Lepidurus,

&c., were made by Mr. J. H. Emerton ; some anatomical drawings in

the plates were prepared by Mr. J. S. Kingley, while I am under oljliga-

tions to Mr. Edward Burgess for the masterly manner in which he has
executed the difficult sketches of the animals of Limnetis hrevifrons,

Estheria of several species, Eulimnadia, and Branchipus vernalis.

I. CLASSIFICATIOX OF THE LIVmG PHYLLOPODA.

HISTORY OF THE SUBORDER PHYLLOPODA.

The history of this group is an interesting one. Originally mentioned
in 1785, by O. F, Mviller, in his '•'Entomostraca sen Insecta testacea,^^ the
Entomostraca were first defined in 1806, by Latreille, in his Genera Cms-
taceorum, &g. Under Legio prima, Entomostraca, the PhyUopoda con-

stituted the third order, the sole representative of this order being
Apus, while the genus Brancliiopoda (Branchipus of Schoeffer) forms
part of a sixth order, Ceplialota. The other genera of Phyllopods were
not then known.

In 1820, Brongniart proposed the genus Limnadia for Hermann's
Daplmia gigas (1804).

Meanwhile in 1817, in the first edition of Cuvier's Eegne Animal, the
order Brancliiopoda was proposed by Latreille, while the classification of

this order was farther amended and improved in the second edition of

this work (1829). In this edition the PhyUopoda constitute the second
suborder of the Branchiopoda, and now the Phyllopods comprise the
genera TAmnadia, Branchipus, Artemia, and Apus.

In 1837, Straus-Durckheim described the genus Estheria, of which
Cyzicus of Audouin (1837) and Isaura Joly (1842) are synonyms. The
genus Limnetis was described by Loven iu 1845.

In 1840, Milne-Edwards, in his Histoire Naturelle des Crustaces, es-

tablished the Legion Branchiopodes, equivalent to the Entomostraces.
Under the Branchiopoda he regards the PhyUopoda as forming an order,

and they are succeeded by the Cladocera, while the Legion of Entomo-
straca comprises the Ostracoda and Copepoda.

In 1853, Prof. J. D. Dana, in the Crustacea of the United States Ex-
ploring Expedition, regarded the PhyUopoda as constituting tlie second
Legion of his first order {Onathostomata) of Entomostraca.

In 1863, Gerstaecker regarded the PhyUopoda as forming a family of

the order Branchiopoda, the Trilohifa, Cladocera, and Ostracoda, forming
tlie remaining families. ClauSj in 1868 (Grundzlige der Zoologie), divided
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his order Phyllopoda iuto two suborders, Cladocera and Brancliiopoda.

Gerstaecker in Bronn's Classen und Orduungen Arthropoden, 186(3-'79,

adopts the order BrancMo])oda, and divides it into three suborders, Os-

tracodeaj Brancliiopoda genuina^ comprising the Cladocera^ Phyllopoda
of other authors, and the Brancliiura (Arguhis, &c.).

In 1879 the writer, in his " Zoology for Colleges," adopted the order
Branehiopoda, with three suborders, viz, Ostracoda, Cladocera, and Phyl-
lopoda.

Suborder PHYLLOPODA.

In this group the body is usually (the Branchipodidce excepted) in

part covered by a large carapace (the mandibular segment greatly de-

veloped tergally), which is in the lower forms (Limnadiacea) bent down,
forming two valves, connected by a true hinge, and opening and shutting
by an adductor muscle, so that the shell resembles that of a bivalve
mollusc, such as the fresh-water Cyclas and Pisidium. They have two
pairs of antennse, a pair of mandibles, and two pairs of maxillre, and
in Apodidce a pair of maxillipedes. The name of the group, Phyllopoda^
is applied to them on account of the feet, which are broad and leatlike,

with a series of six primary inner lobes or endites and two exites, the latter

forming a gill and accessory gill or fiabellum. Theabdomen is not clearly

differentiated from the thorax, and the abdominal feet are not different

in shape from the thoracic appendages. The number of body-segments
varies more than in anj' other group of genuine Crustacea, there being
seventeen in Limnetis and sixty-nine in Apus, or over three times as
many as in the lobster or Decapods in general; the segments are thus
often irrelatively repeated, a sign of inferiority. The eyes are either

sessile and united into a single mass, or, in the highest family {Branchi-
podidw), they become stalked, thus anticipating the stalked eyes of the
Decapoda. The telson is usually large and spiny, bearing in all the
genera a pair of caudal appendages probably homologous with the limbs.

All the members of the ^iborder hatch from the egg in the Nauplius
form, like that of the Copepod Crustacea, with some differences, all

having three pairs of appendages corresponding to the two pairs of
antennse and mandibles of the adult.

The species for the most part live in pools of fresh water liable to
dry up in summer; those of Artemia live in brine pools and lakes. The
eggs, after being fertilized and borne about for a time under the shell

or in egg-sacs, are finally suffered to drop to the bottom of the pond;
here they lie after the water of the pond has eva^^orated, the eggs re-

maining in t'de dry mud until, the ponds having been refilled by the
autumn rains, the young hatch out and the cycle of life begins anew.

Family L LIMNADIADJE Baird.

LimnadiadoB Baird, Proc. Zool. Soc. London, XVII, 86, 1849; Ann. & Mag. Nat. Hist.
2d Ser. XIV, 229, 1854.

Estheriadcv Packard, Hayden's U. S. Geol. Surv. Ter., for 1873, 618. 1874.

Body inclosed in a bivalved shell ; head usually with a large ros-

trum; eyes compressed, small, sessile, closely contiguous or united. 1st
antennoe minute, Sjointed or multiarticulate, the segments not being
well marked; 2d antennse large, with two flagella, each consisting of
from 9 to 20 joints. A pair of mandibles; one or two pairs of maxillse

;

10 to 27 pairs of swimming phyllopod feet, each with six lobular endites,

and a gill and fiabellum divided into two divisions, the upper in the fe-
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male koepiug the eggs in place. 1st (Limnetis), or usually the 1st and
2d, pair of feet in the male provided with a, hand ; the 4th, 5th, and Gtli

endites modified to form a claw, finger, and thumb-like clasping organs.
Posterior segments each bearing a pair of spines; the telsou large, com-
pressed, often spined, and bearing a pair of caudal appendages. Larvse
nauplius-shaped.

Subfamily LIMNETIN^ Packard.

Shell nearly spherical, with no lines of growth ; rostrum very large and
broad at the end, mucronate in the females, broad and truncate in the

males; 10-12 pairs of feet ; in the males only the 1st pair provided with
a hand; terminal segments of the body not spined; telson undeveloped.
But a single genus, Limnetis.

Genus LIMNETIS Loven.

Limnetis Lov^n, Kongl. Vet. Akad. Ilaudlingar, Tab. IV, 203, 1845;
Ofversigt Vet. Akad. Forhandl. 57, 184G; Wiegmann's Archiv, II, 203,
1847.

Hedessa Lievin, Neueste Schrift. der naturf. Gesellsch. in Danzig, IV,
Heft II, 4. Tab., I, II.

Hedessa Siebold, Neueste Preuss. Provincialbl. VII (XLI), Heft 3, 198,

1849.

Carapace bivalved, nearly spherical, oval, smooth
;
polished fine punc-

ture-like marks in the i^arenchyma of the shell, giving it the appearance
of being finely punctured

;
no beaks or umbones. Head large, the fiont

bearing the eyes enormous, and produced into a very large rostrum,
either truncated in 9 and either mucronated or truncated in <? in front.

Eyes small, sometimes separate. First antennsB minute, slightly el-

bowed, with indications of three joints; second antennae with scape or
base rather short ; the flagella rather short, composed of from 15 to 21
joints, with remarkably long setaj. From ^1 to 12 pairs of feet; in the
males the anterior pair converted into a complicated hand ; the end of
the abdomen blunt, simple, with no spines.

The species of this genus are readily recognized by the spherical
small, smooth shell, with no lines of growth, entirely inclosing the
animal; by the enormous head, the large broad rostrum; the few feet,

there being but one pair of hands in the males, instead of two, as in
Ustheria, and by the simple unarmed telson. The antennse are shorter
and thicker than in Estheria. They are sometimes mistaken by shell

collectors for specimens of Cyclas or Pisidium. They swim on their

backs, with the shell a little open, in a graceful but not very rapid man-
ner compared with the Ostracoda.

Synopsis of the species.

Shell subsiDherical, small, front of head of male narrow;
second antennae 16-jointed ; flabellum very large L. gouldii.

Shell large, suboval; front of male broad and square;
second antennae 14 and 17-jointed; flabellum remark-
ably narrow L. mucronatus.

Shell large, suboval ; front broader than in any other spe-
cies except ^raciZicornis' ; antennae 20-jointed; gill very
large, flabellum shoi-t and broad L. hrevifrons.

Shell small, subspherical ; front very broad; antennae long,
20-jointed X. gracilicornis.
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LiMNETis GOULDii Baird.
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Plates II, Figs. 1-6 ; XXIX, Fig. 9.

Limnetis gouldii Baird, Annals and Mag. Nat. Hist., 3d ser., vol. x, 393, 1862.

Shell smooth, spherical, quite round, not often oval as in the two
succeeding species, and of a uniformly smaller size. 1st antennae very-

slender, not so broad at tbe end as in L. brevifrons. 2d antennae with
the stem longer and slendererthan
in the two following species ; the
upper flagellum 16, the lower 16-

jointed, with longer setae than in

the other species. First leg of
female with a very large, long, and
broad flabellum {br'), the posterior

division (br") very long and slen-

der, closely resembling the 6th en-

dite, but considerably longer; the
gill rather small. The coxal lobe

(1st endite) rather broad and not
so long as in the two other species

;

the hand is much slenderer, and
the claw (6th endite) is longer and j,j^ i._LinmeHs gouUU, enlarged. Burgess del. lat

slenderer than in L. mucronatus ; antennae not drawn.

in the male the coxal lobe is considerably smaller and more triangular
and acute than in the two other species; the comb, or 4th endite (^*) is

armed on the edge with an inner row of small and a marginal row of

much larger digitate setiferous processes; the finger (P) is of moderate
size, and the claw-like 6th endite is long and slender; the flabellum {br

)

is about twice the size of the gill; aud its posterior process {br") is

long, narrow, extending only a little beyond the base of the 6th endite.

The front in the male (Fig. 3 d, in text) is truncated, but contracts below
the eyes more than in the other species; while the carina on the front
of the head is unusually high. In the female the rostrum ends in a shar]3

point, with lateral acute angles much as in sharply mucronate specimens
of L. mucronatus.
Length of the shell, 3°^™; breadth, 2p™.
The species was first discovered in "fresh water at St. Ann's, twenty

miles from Montreal, Canada." Collected by Charles Gould, esq., June,
1857 (Brit. Mus., W. Baird). The young received from Hanover, N. H.
Kear Boston, Mass. (Edward Burgess); near Providence, E. 1., in great
abundance in a pond which dried up in midsummer, occurring during
May, and for at least a month after BrancJiipus vernalis had disappeared
from the pond (A. S. Packard, jr., and H. C. Bumpus) ; abundant in a
pond at Glendale, Long Island, in March and April (Dr. C. F. Gissler)

;

IsTormal, 111. (S. A. Forbes) ; Eock Island, 111. (W. H. Pratt, Davenport
Academy).

This is our most abundant species, and appears to range over Kew
England, Canada, westward to tbe Mississippi Eiver at Eock Island,
111. It is distinguished from the two other species by the more s])her-

ical shell, its smaller size, the rather narrow, contracted front of the
male, and by the differences in the antennae and legs indicated in
Plate II.

We have kept these beautiful little phyllopods in confinement from
early in May until the middle of July, with few changes of water;
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tliey appear to be very hardy compared with the Branchipodidte. The
auiinals are pale flesh-colored, with black eyes, and are tolerably rapid iu

their movements, swimming often on their backs and rapidly gathering
the vegetation at the surface with their antennae and either their coxal
lobes or jaws. The eggs are carried upon the back under the shell, and
are found in the spring.

We have received numbers of the cast shells of the larva or naui)lius

from a correspondent at Hanover, IST. H. The carapace bears a close

resemblance to that of the nauplius of the European L. hrachyura, hav-
ing the lateral front spines and two small caudal spines.

LiMNETis MUCRONATUS Packard.

Plate I, figs. 1-6. (In fig. 1 the Ist antennae are not represented by tlie artist.)

lAmnetis mucronatus Pack., American Naturalist, ix, 312, 1875.

Bulletin Hayden's U. S. Geological and Geog. Sarvey, iii, No. 1, 172, 1877.

Male.—Carapace much flattened, oval-triangular, the dorsal edge of

the valve but slightly curved, the posterior end well rounded, while
the front end is but slightly curved. Head in front truncate, much as

in tlie males of L. gouldii and gracilicomis, the end being broad and
square. Hand large, a little longer than broad, wdth the claw large,

and as long as the hand is broad; the lower edge of the hand (or 4th
endite) armed much as in L. gouldii. There are twelve jiairs of limbs,

the twelfth ending in a pair of large, strong, recurved hooks. The
end of the terminal segment on its ventral side is rather more pro-

duced, and with a more conspicuous spine than in the female. Two
males occurred among forty-four females.

The length of carapace, 4>""; breadth, 3.2"^™.

Female.—Carapace scarcely distinguishable from that of iy.^rac^7^cor%^s
in outline, though it varies slightly in form, some being quite round
and regular, others slightly ovate, and some quite flat and triangular.

Muscular impression as in L. gracilicomis, but the muscular impression
is much broader and j)roportionately shorter than in L. gracilicornis,

where the front of the head is suddenly truncate, and w-ider at the
extremity than behind in gouldii; while iu gracilicornis it is also trun-

cate, but does not contract so much in

front of the eyes, the narrowest point be
ing between the eyes and the end of the
front. In the present species, however,
the front is very much produced into a
long, acute, mucronate point, with two
teeth on each side, the middle tooth vary-
ing much iu length. The carina is very
high and sharp (see a in Fig. 3 in text).

Fig. 2.

—

T.ymnetis mucrovatiis, male; a,.-.-, , •\.i\li j • • x t_ ij?

claw; both enlarged, isc anteonas aot 2d autenuse With the sccoud joiut half as
drawn. Emeiton del. long as the basal; the four succeeding

joints very close, and together not as long as the succeeding seventh
joint, from which arises the flagellum, the upjDcr branch of which is

14-15-jointed, the lower one 17-jointed, with ciliated hairs about as long
as in L. mucronatus, the longest ones as long as the entire antenna.
Twelve pairs of feet.

The feet have a very long and slender flabellum, the gill being either

in the first pair short and rounded at the end, or in the second and suc-

ceeding ones long and pyriform, being about the same shape and size
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as in L. gouldii; the filiform lower end (PL I, Fig'. 4, hr.) is mucli sliorter

than in L. gouldii^ and endites 4-6 are also much shorter; while the
coxal lobe is large and very long.

End of the body blunt, squarely docked, the point blunter than in L.
gouldii,, and ending in a slender spine. Two dorsal terminal filaments,

much as in L. gouldii.

Length of carapace, or shell, 4™"^; breadth, 3"™. Forty-four females,
nearly all with eggs, occurred with Lepidurus couesii, in pools on the
west bank of Frenchman's Eiver, Montana, 49° IST. (Dr. Cones.) It also

occurred in large numbers associated with Limnetis hrevifrons in pools at
Ellis, Kans., collected by Dr. L. Watson June 29, 1874. The specimens
were females with eggs, and as a rule were triangular in outline, com-
pressed, only one or two of the Montana examples being so much com-
I)ressed. The species is easily recognized by the mucronate, tridentate
front, the short, thick hand and claw, by the number of antenna! joints,

and the long, narrow flabellum, the short endites 4-6, and by the long,

stout, jaw-like coxal lobes.

Limnetis brevifeons Packard.

Plate XXVII, figs. 1-3.

Limnetis hrevifrons Packaid. Bulletin of Hayden's U. S. Geol. and Geogr. Surv., iii,

No. i, 172, April 9, 1877.

Many females. Carapace decidedly triangular in outline, more so
than in L. gouldiij while it differs very decidedly in this respect from

gracilicoi^7iis, and is considerably larger than gracili-

cornis or mucroiatus, and is flatter than both. Front
shorter and broader than usual ; less contracted in
width at the base of the antennae than usual. The
frontal carina is high, especially a little in front of the

Fig. 3.
—

'Front of Fig. 4.

—

Limnetis hrevifrons. female, much enlarged. Bnrgess del.
head of Lymnetis
spp.-a, i. mwcro- cycs. Compared with that of Lymnetis gracilicornis

Micornis ;'^'cf^L. i^^S' 3, ft, iu tcxt) it is much broader, shorter, the
hrevifrons, d, d keel reaching to the end, which is squarely docked,
.gou XI. ^^ ^^^ being a flattened triangle; the end of the

front reaches to the middle of the antennae, while in i. gracilicornis the
end reaches two-thirds of their length. It differs from L. gouldii (Fig.
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3, d) in the front being thicker, the truncated end forming, seen from
the end, a much less flattened triangle.

First antenutTB much stouter than in L. gouldii. Second antennae con-
siderably longer than in L. gouldii, the terminal joint extending well
beyond the end of the front, while in L. gouldii it does not extend be-
yond the front ; the upper branch of the flagellum has 20 joints ; the

lower, 20. (In L. gouldii there are 14 joints in the
upper and 12 in the lower branch of the antennae.)
In form the antennae resemble those of L. gouldii,

but the setse are much shorter than in any of the
other species. There are 12 pairs of feet. The
male has a much smaller hand than in L. gouldii or
L. mucronatus, the claw
(Plate XXVII, fig. 3, en<')

is shorter, but the finger

{en^ should De en^) is

much larger than in the
foregoing species. The
jaw-like coxal lobe is

larger than in L. gouldii

or L. mucronatus. The
gill is enormous, as is also

the flabellum (br^), the
two being of the same
01-70 cmn TiqI-F oc Inno- qq FlG. G.—Lirnnetis brevifrons, a, ont-
Size d.nu nd,ll dts lOIIg <ii, Imeof ahell; 6, front of head of female.

the entire limb, while the Lindaw del.

lower division of the flabellum, that next to the hand, is rather broader
and larger than in L. gouldii. In the female the upper division of the
flabellum (6r^) is short and broad ; the gill is very long ; the lower division

of the flabellum (Plate XXVII, fig. 2 a) is as in L. mucronatus ; the 4th
endite is long and narrow, while the 5th is longer than the 6th. Terminal
segment less prominent than in L. mucronatus, while the dorsal edge is

less excurved.
Average size of most of the specimens: Length, 4™™; breadth, 3^™™.

Several larger examples were 6""" long and 5™°' broad.
Ellis, Kans., June 28 and 29, Dr. L. Watson, in pools, associated with

several other species of Phyllopods. A few eggs were contained in

most of them. This is the largest species known, and is as a rule flat-

ter and more triangular than any other species, while the truncate
front of the head of the male is shorter and broader than in any other

American species yet known.

Fig. 5.

—

Limnetis hrevi-

frons, frontoffemale, great-
ly enlarged. Lindalil del.

Limnetis gracilicornis Packard.

Limnetis gracilieornis Packard. Amer. Jonr. Sc, 3d ser., vol. ii, Aug., 1871.

This species difi'ers from L. gouldii in the longer and slenderer 2d an
tennae, the flagella of which are 20-jointed; the keel on the front of the

head does not reach to the front edge, while in L. gouldii it does. (Fig.

3, &,) Shell of the same form, but much larger than in L. gouldii.

Length of shell, 4.2'""; breadth, 4™™.

Waco, Tex., with Eulimnadia texana and StreiJtocepJialns texanus (G-.

W. Belfrage). I have unfortunately been unable within late years to

obtain any specimens for dissection and study.
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Subfamily ESTHERIAN^ Packard.

Carapace or shell obloug, more or less flattened or oval, sometimes
subglobose, with distinct lines of growth. From 18 to 27 or 28 pairs of

feet; in the males the two anterior pairs of feet with hands; the end of
the abdomen with dorsal spines and two pairs of very long, large, curved,
terminal spines.

Synopsis of the genera.

Shell oval, more or less globose, with 18-22 lines of growth,
amber-colored; flagella of 2d antennse 11-17 jointed;

24 to 27 or 28 pairs of feet UstJieria.

Shell large, broad oval, much flattened, subtriangular, with
about 18 lines of growth, a haft-organ present. Flagella

of 2d antennae 12-13 jointed; 18-22 i)airs of feet Limnadia.
Shell narrow-ovate, rather prominent behind the umbones,

with 4-5 lines of growth. A haft-organ present. Fla-

gella of 2d autennse 9-10 jointed; 18 pairs of feet EuUmnadia.

Genus ESTHERIA Eiippell.

Plates III, IV, V, XXIV, XXV, XXVI, figs. 1, 2, XXVII.

Eslheria Riippell, Museum Senckenbergiannm. Bd. II, Heft. 2. Ueber Estheria dalia-

lacensis Ruppell, von H. Strauss-Durckbemi. 1657.

Cijsicus Audouiu, Annales Soc. Ent, France, vi, 9, 1837.

Isaura Joly, Annales des Scienc. Nat., ser. 2, XVII, 293, 1842.

Carapace valves or shell oval, more or less globose, with a prominent
hinged back, Cyclas-like, with numerous lines of growth ; amber colored.

Body with 25-27 segments. Head with no "haft-organ ; " as a whole the
head is very large, being more like that of Limnetis than Limnadia,
having a long narrow rostrum forming a large proportion of the head

;

first antennse large and long, reaching nearly to the middle of the fla-

gella of the second pair; the latter with a stout multiarticulate scape,

the flagella extending well beyond the edge of the shell, and usually
composed of about 15-20 joints. Usually about 20 pairs of feet ; in the
female the coxal or maxilliform lobe is recurved, triangular, acute ; the
second and fourth eudites are small lobes of nearly equal size, while the
fifth is a loug, slender, narrow process, the sixth being like it, but either

wider and pointed at the end, or shorter than the fifth and scalloped
along the lower edge. Of the three exites, the gill is elongate, pear-

shaped, while the upper divisicm of the flabellum is very long and almost
filamental at the end, nearly reaching the upper side of the body, the
lower division being narrow, either x)ointed or rounded at the end, and
scalloped along the upper edge, closely resembling in form the sixth en-

dite. In the males the two anterior pairs are provided with hands, dif-

fering from those of the single first pair in Limnetis in the tubercle-like

fourth endite, armed with stifl", sharp spines, forming the comb, while the
finger-like fifth endite is somewhat bulbous at the end.
The species of this ggnus may be recognized by the globose amber-

colored shell with numerous lines of growth. It diifers from Limnadia
in the large head, and long, large, acute beak, and in the lack of a haft-

organ, while it differs from Limnetis in the shell having lines of growth,
a distinct beak and hinge, while the rostrum is narrow and pointed, and
the number of body segments and legs is much greater, and the two
anterior pairs of feet in the male are provided with hands. Moreover,
the first antenncs are much larger, with indications of numerous joints.
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Synopsis of the species.

Shell large, flat; beaks close to anterior end- and very small ; second an-
tennae 13- and 15-jointed E. californica.

Like californica, but with more prominent beaks, dorsal edge sloping
directly down to the posterior end E. newcomhii

Shell loug and narrow; beaks small, situated very near anterior end;
telsou armed with small fine teeth ; bauds of male short and thick

;

flagella 15- and 14-joiuted E. compleximanus
Shell more swollen ; beaks larger, and farther from anterior end ; dor-

sal edge short, suddenly sloping to posterior end ; flagella 17- and
IC-jointed; telson with larger teeth interpolated in the smaller
ones E. mexicana

Shell still more globose than in E. mexicana; beaks more prominent m
anterior third of shell ; flagella 17- and 16-jointed E. morsei

Shell globose ; beaks large and prominent, more central than in pre-

ceding species ; flagella 14- and 15-jointed E. helfragei

Shell very large, thick, globose, swollen ; beaks larger and fuller, cen-

tral ; with more numerous lines of growth than any preceding spe-

cies; flagella 17- and 16-jointed E.jonesii

EsTHERiA CALIFORNICA Packard.

Plate IV, figs. 1-5.

Esthej'ia californica Packard, Sixth Rep. Peab. Acad. Sc, Salem, 55, 1874. Hayden's
U. S. Geol. Surv. Terr, for 187i5, 618, 1874. Lenz, Estheria californica, &c.,
Liibeck, Aug. 5, 1876.

Shell remarkably thin, so that at first sight it might be mistaken for a
Limnadia; in outline subtriangular ; the umbones unusually small,

very oblique, flattened, and situated much nearer than usual to the
anterior edge ; dor-

sal edge convex, curv-
ing gradually to the
rounded x>osterior
end. Eighteen to
thirty-five lines of
growth. Shell very
smooth, shining, with
very fine granulations
too numerous to be
counted with a two-
thirds-of-an-inch trip,

let; when more highly
magnified they ap-

pear as in Plate
XXIY, fig. 5. First

Fig. 7.—Estheria californica. auteunai rathCT SlcU-

der, the papillae, however, not very well markec^, Second antennae with
the upper flagellumlS-jointed, and much shorter than the lower, which is

15-jointed. Twenty-two pairs of feet. The gill is rather small and short

;

the upper division of the flabellum very long and slender, reaching to
the back of the animal; the lower one acutely triaiiglar; the sixth en-
dite is a little longer than the lower flabellum, and is broader in the third
than in the first pair of limbs; the fifth endites are slender, long, and
narrow, finger-shaped. The telson is armed above with numerous fine
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teeth, and about 8 mucli larger than the others, while the long acute
caudal appendages are peculiar from having but about 4 long spines
on the base of upper edge, with no fine teeth.

The hands of the males show no specific characters of decided im-

portance.
Length of shell, 16 ^'^; breadth, 10 ™"; thickness, 4™";
California (Eowell) Mus. Chicago Acad. Sc. 4 specimens; Alameda

County, Cal. (James Behrens), Santa Cruz, Cal., collected by Laura
F. Hicox, received through Mr. J. S. Kingsley.

It is closely allied in form to JE. ticinensis of Lombardy, Italy, and
may be said to represent that species in the Californian fauua. A de-

tailed account of the exterual anatomy of this interesting species is

given in " Estheria Californica Pack. Inaugural dissertation," &c., by
H. Lenz, wherein the mouth-parts and appendages, &c., are figured. Of
25 specimens Lenz received from Mr. Behrens 11 were males and 14 were
females.
From the next species, E. newcomhii, it appears to diifer in the less

prominent beaks, in the fact that the dorsal edge of the carapace does not
slope directly down to the posterior extremity, which is not "nearly as

broad as anterior extremity"; and there are 18 lines of growth, instead
of " about sixteen," as in Baird's species, and the punctations of the
shell are separate. Still it may be found that our species is synony-
mous with Baird's newcomhii. I have been unable to see the plates, as

in the copy of the Proceedings of the Zool. Soc. at hand the plates are
wanting.

Estheria newcombii Baird.

Esthma newconibil Baird. Proc. Zool. Soc, London, 122, PI. XII, fig. 2, 1866,

" Carapace oval in shape. Beaks prominent, placed near anterior ex-

tremity. The dorsal margin slopes directly down to the posterior ex-

tremity, which is nearly as broad as anterior extremity. Eibs of

carapace, about sixteen in number, narrower at the beaks, and becoming
broader as they descend towards the ventral margin. The intervals of
the ribs are dotted with punctations, which are small and very numer-
ous, and run into each other so as to produce a sort of running pattern."
"Length nearly ^ inch; breadth about | inch."

'"''Rah.—California (W. Kewcombe, esq., Mus. Brit.)."

Estheria compleximanus, n. sp.

Plates V, figs. 1-7 ; XXIV, figs. 8, 10; XXV, fig. 6.

EuUmnadia compleximamis Pack., Bull. U. S. Geol. Survey III, No. 1, 174, April 9, 1877,

Zoology for Colleges and High Schools, 1st and 2d editions (no description)
fig. on p. 302, 1879, 1880.

Shell very long, oblong, not very thick compared with the following

species; the beaks very small, situated at the anterior sixth or seventh
of the dorsal edge of the shell, this edge being remarkably long and
straight, more so than in any of the other species. The posterior end
of the shell is narrow, not full and rounded, neither is the anterior end
as full as in U. californica. About 15 lines of growth. Head with the
rostrum rather long, approaching jEJ. mexicana in this respect. Edge of

shell with small short spines, and between the lines of growth confluent

spaces arranged in oblique parallel lines. 1st antennae long and slen-

der, reaching beyond the lower edge of the shell, the sense papillte very

20 H
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diwstinct and acute. 2d antermpe moderately slender, tlie scape not so

thick as in U. californica-, the upper flagellum 15-, the lower 14-jointed;

the joints longer and slenderer than in JE. mexicana. The legs of the fe-

male, especially one of the anterior pairs, have larger gills than in E.

Mexicana. (Compare Plate XXIY, figs. 9 and 10.) The adjacent upper
flabellum is moderately long, filamental in the upper half, but not reach-

ing to the back of the animal ; the lower division of the flabellum (fig. 7

br") forms a long lobe scalloped on the upper edge, and closely resem-

bling in form and size the 6th endite. The 5th endite is long, finger

shaped, and reaches beyond the 0th. In the male the first pair of feet

have short, broad hands, with a broad 4th endite, but the finger-like 5th

endite is slenderer than that of the second pair, in which the hand is

much longer and slenderer. Both pair of hands, particularly the first,

are much stouter than those of E. mexicana. The telson is armed along

the nipper edge with very numerous even teeth, no larger ones being in-

terpolated among smaller ones, and the caudal appendages are finely

serrated from base to tip.

Length of shell, ir^'"; breadth, 6™"^; diameter or thickness, 2.5™"".

Ellis, Kansas, in pools, June 24-29, 1874 (Dr. L, Watson).
Fort Wallace, Kansas, abundant, associated with E. mexicana^ Strep-

tocephalus texanus, &c. (Prof. Joshua Liudahl.)

This species may be readily recognized by the long, narrow shell, and

Fig. 8.—a. Hand
of male Esthcria
compleximanus, j-m. 9. Estheria complesimanus Pack, magnifled. Lindalil del.

much enlarged ; &,

telson. Emerton
del.

the small beaks situated very near the anterior end of the dorsal edge;

by the finely serrated edge of the telson and caudal appendages, the

large gills, the short, thick hands of the male, and by the sculpturing

of the shell.

By an unfortunate mistake it was referred to the genus Eulimnadia,

for which it was hastily mistaken on account of its oblong-oval smooth

shell.

ESTHEKIA MEXICANA ClaUS.

Plates XXIV, figs. 3, 6, 9; XXV, figs. 1-5; XXVIII, figs. 1-5.

Estheria mexicana Claus, Beitrage, ziir Kennt. d Entomostraken, Marburg, Taf. Ill, IV,

figs. 33-54, 1860.

Esihma clunlccri Baird, Proc. Zool. Soc, London. 147. PI. XV, figs. 6, 6a, 6&, 1862.

Annals Mag. Nat. Hist., 3d ser., 391, 1862.

Estheria caUivelli Baird, Proc. Zool. Soc, London, 148. PI. XV., figs. 4, 4a, 46, 1862.

Ann. Mag. Nat. Hist., 3d ser., x, 393, 1862.

Esthcria clarkii Packard, Sixtli Eeport Peabody Acad. Science, Salem, 55, June, 1874.

Haydon's U. S. Geol. Surv. Terr., 1873, 619, PL III, fig. 7, 1874.

Shell or carapace valves thin, amber-colored, oblong oval, thin, about
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two-thirds as broad as long, with the umbones or beak rather x)rominent,
oblique, situated on the anterior fourth of the shell, which is fuller, more
globose than in the foregoing species ; dorsal edge straight behind the
beak, and a little beyond the posterior third of the entire shell rather
suddenly sloping down, though the end is full and rounded. Shell
(Fig. 10, in text) narrower than usual in the transverse diameter; about
sixteen to twenty lines of growth, with fine sette along the lines; un-
usually fine microscopic punctures between the lines, too numerous to be
counted with a triplet. Under a higher ]30wer the dark spots in the soft

tissue of the shell are seen to be either separate (Plate XXIV, fig. 3) or
confluent (Plate XXIV, fig. 6), forming parallel markings, which disap-
pear before reaching the line above. (The series of oval clear spaces
in the drawing are the attachment of the setse, which are long and
slender, see Plate XXIV, fig. 3.) In Baird's fig. ia and 6b of E. dunkeri
the punctures are separate, and probably there is a variation in this

respect. Male shell narrower, and with rather more prominent beaks
than in that of the female. Head, with the rostrum, long and pointed;
first antennae rather thick, and moderately long; second antennae with
rather short joints, 17 in the upper and 16 in the lower flagellum; the
upper sides of all the joints with 4-5 slender setae; legs of the female,
with the gill, rather long and large, the lower division of the flabeliuin

quite broad; the upper or oviger (Plate XXIV, fig. 9) quite long and slen-

der, but shorter than in _EJ. comjyleximanus. First and second pair of legs

of the male with rather slender hands, and both divisions of the flabel-

lum are rather short and broad; the claw (sixth endite) is shorter than
in E. compleximanus, as is the thumb, or fourth endite; the fifth endite
is much as in E. compleximanus. The telson is shorter and higher than
in E. compleximanus^ with about twenty pairs of unequal spinules, the
first, third, sixth, ninth, twelfth, fifteenth, seventeenth, and nineteentli

much larger than in the others, while in E. compleximanus they are of
uniform size; each spine is minutely spinulated; the terminal superior
spine one-half as large as the inferior, but finely spinulated; the cau-
dal appendages with fijie, hair-like setae on the upper edge.
The males have stouter spines on the telson than in the other sex.

Length of shell, 10-12"^'^ ; height, 7"^"^
; transverse diameter, 4™™. This

species differs from E. compleximanus in the more globose shell, the
much shorter dorsal edge, which suddenly bends down, the fuller ends,
the shorter hands of the male, and the unequal spines on the telson.

From E. morsei it differs in the flatter, more oblong shell, and in the
beak being much smaller, more oblique, and much nearer the anterior
end of the dorsal edge, while the hands of the males are much slenderer
than in E. morsei.

This is apparently the most abundant and widely diffused species on
the continent, as will be seen by the following notes

:

Lake Winnepeg, Xorth America (W. Caldwell, esq.); (Mus. Brit.)

(Baird.)

Several hundred young (figures on Plate XXVIII, figs. 1-6) about one-
half full size, collected by the laie Prof. H. James Clark from a puddle
in Lexington, Ky., May 21.

Cincinnati (Mus. Cliicago Academy Science), Hamilton County,
Ohio, in a cart rut, " so numerous that a dip of the hand would take
up a dozen " (V. T. Chambers).

Ellis, Kans., "in an upland pool supplied by a spring" (Dr. L. Wat-
son), Fort Wallace, Kansas, in company with Estheria compleximanus and
Streptocephn.lus texanus. (Prof. J. Lindahl.)
Common at the pueblo of Santa Ilsafonso, Xew Mexico, August;
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collected by Dr. Yarrow, Lieutenant Wheeler's Survey west of the 100th
Meridian.

Zimapan, Mexico, (Prof. W. Dunker coll.), Clans.
This species is exposed to considerable variation, so that I was mis-

led by the rather indifferent figure of Baird in considering it as dis-

tinct from E. caldivelli from Lake Winnepeg ; and described it as E.
clarJcii. The specimens from New Mexico are large and well developed,

little and a larger than in the majority of the
Kansas specimens. They agree well with
Claus's figure of the shell, and the appendages
are much as he figures them, so that as the
species is abundant in i?ew Mexico, I do not
doubt but that it extends to Zimapan, Mexico,
and thus the name for our most common and
widely spread Estheria should be mexicana of

Fis. lo.-Estheria mexicana, en- Claus. This spccics is allied to the European
larged four times. E. dahcilacensis, but the beak is fuller.

I have ventured to place E. dmikeri from Zimapan, Mexico, as a syno-
nym of this species. Baird's description is almost identical with that of
his E. caldivelli; but my ISTew Mexican specimens have the same out-

line, the same number of lines of growth, and only differ in having less

full and i^rominent beaks ; but the artist may have exaggerated this

feature in his drawing, though it is referred to in Baird's description,

yet some smaller Kansas specimens have fuller beaks than the New
Mexican ones, but, as the locality (Zimapan) and collector (Dunker)
are the same as Claus's E. mexicana, there is little doubt but that taking
into account the tendency to variation in this species our synonymy is

correct.

EsTHEKiA MOESEi Packard.

Plate XXIV, fig. 7 ; XXVI, figs. 1, 2.

Estlieria morsei Packard, Amer. Journ. Sc, II, Aug. 1871.

Sixth Report Peab. Acad. Sc. Sa]em, 56, June, 1874.
Hayden's U. S. Geol. Surv. Terr, for 1873, 619, 1874.

Morse's First Book of Zoology, 149, fig. 138, D. (No name.)

Shell much fuller, more globose than in any of the preceding species,
with fuller, more prominent, less oblique, and centrally situated beaks;
shell oblong oval, of a i^ale horn or amber color. Dorsal edge shorter
than in E. mexicana^ and in front of the beaks, instead of being straight
and suddenly curved downward, is regularly rountler, much as in E.
helfragei ; posteriorly the dorsal edge slopes rapidly downward, without
the well marked angle of E. mexicana. Coarse punctures between the
lines of growth, rather coarser than in E. mexicana, there being on an
average 5-10 of these marking between the ribs in the center of the
valve. Plate XXIV, fig. 7, also represents the markings at the edge of
the s'lell.

Second antennge, with a larger scape than in E. helfragei, 17 joints in

the up{)er, 16 in the lower, fiagellum. Legs of the male with a smaller
lower division of the fiagellum, and a smaller gill than in E. bel/ragei,

while the upper division or oviger is much shorter and broader than in
any of the foregoing species, being no longer than the gill. The hand
is apparently a little thicker than in E. belj'ragei.

Telson much as in E. mexicana, with about 20 pairs of teeth, coarser
than in E. helfragei, about 5 pairs of which are much larger than the
others.

Length, 12.2"''"; height, 8.2"'"; thickness, G""™.
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Sis specimens from Dubnque, Iowa, collected by Eev, A. B. Kendig.
Six specimens from "Grindstone Creek, half way from Fort Pierre to

the Bad Lauds, Dakota," collected by Dr. F. Y, Hayden, and received

from the Chicago Acadeciy of Science through Dr. Stimpsou.
The smallest specimen from Dakota agrees exactly with the Iowa ex-

amples in being long, ovate; the others are considerably larger and
with age seem to grow broader, more wedge-shaped. The following are

the dimensions of the most wedge-shaped examples ; length, 14™"^

;

height, 10.5°^'^.

Dilfers from any of the preceding species by the full globose higher
shell, with more i^rominent and central beaks, and the shorter oviger.

EsTHERiA BELFRAGrEi Packard.

Plate III, figs. 1, 2, 4, 6 ; XXIV, fig. 1.

Esiheria lelfragei Packard, Amer. Journ. Sc, II, Aug., 1871.

Hayclen's U. S. Geol. Surv. Terr, for 1873, 619, PI. Ill, fig. 8, 1874.

Shell (Fig. 11 in text) or carapace valves with the beak situated be-

tween the anterior third and the middle of the shell; dorsal edge straight

for a very short distance behind the beak, slightly serrate, bent rather
suddenly downward at two-thirds of the distance

from the beak to the posterior end, the end being ^
.<5^^^^^~-

very full and rounded ; the anterior dorsal edge v

slopes down rapidly from the beak, and the an- /
\

terior end is full and convex. Beak very full and I ^

'

f»romineut, more so than in any other species ex- \ y'

cept JE.jonesii, but they are not oblique. About """~-v_
"

twenty-four lines of growth, between which the _, ., t. !, • , if „ •

, ,, y ,
u. ^ J - o 1 i. / 1 ^i''- 11.—Esthena belfragei,

shell IS coarsely punctate ; trom o-8 dots (when enlarged about four times. Em-

placed in a straight line) between the lines of ®^'°^ '^*^^-

growth in central part of the shell; these punctures are reduced to a
single row on the edge. In a piece taken from the edge of the shell and
highly magnified (Plate XXIV, fig. 1) there are seen to be two rows of

setse, one very short and thickset, the row of larger ones very long and
slender arising at some distance from the edge of the shell. The punc-
tiform markings are seen to be large with scattered masses of denser

tissue than that inclosing them. Second antennse with 14 joints in the

upper, and 15 joints in the lower ramus of the flagellum. In the two
anterior pairs of legs of the male, the lower division of the tlabellum is

rather broad and short, while the gill is moderaten in size and rather

short; the hands are rather small, of the general shape of _£/. mexicana,

but the claw is a little shorter. There are along the back seventeen
pairs of dorsal si)ines exclusive of those on the telson, which are fifteen

in immber (in E. mexicana they are much more numerous), and the mid-

dle one is much larger than those near it. Caudal appendages longer

and slenderer than in E. mexicana^ and the terminal spine is longer and
slenderer.

Length of shell, 7.5™""; height, 6'"'"; transverse diameter, ± 3.8"™.

Six specimens, Waco, Tex., April (G. W. Belfrage).

This fine species differs from E. morsel^ its nearest ally, in having a
much shorter and higher shell with the larger beaks nearer the anterior

end.
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EsTHERiA JONESii Baird.

Plates III, figs. 3, 5, 7; XXIV, fig. 2; XXVIII, fig. 7.

Esihma jonesi Baird, Proc. Zool. Soc. London, 147, PL XV, figs. 1, la, 16, Ic, Id, 1862.

Packard, Hayden's U. S. Geol. Snrv. Terr, for 1873, 619, 1874.

Shell very large, full, globose, nearly twice as thick as any of the pre-

ceding species ; the beaks very large, full, and high, situated between
the middle and the anterior third of the shell ; dorsal edge short ; shell

donaciform or wedge-shaped. It also differs from all the other species

in the very numerous crowded lines of growth, with a bead-like rim of

coarse iiuuctures just above each line; along the lower edge of the shell

a rim of short stiff coarse setse. (Plate XXIV, fig. 2.) Seen from either

end the shell is broad, heart-shaped.

Second antennse stout, upper flagellum 18- the lower 17-jointed. In
the first pair of legs of the male the gill is

smaller than usual ; the flabellum next to

it is short and nearly twice as broad as in

any of the other species, and the entire

limb is short, and the hand also is short

and stout, the claw being unusually short

and thick.

The telson is very short and high ; the
upper edge with 13 pairs of coarse teeth

of nearly uniform size ; while a few hairs

are on the basal half of the upper side of the caudal appendages.
Length of shell, 14^™

; height, IV"^ ; thickness, 8"°\

Cuba (Dunker).—I am indebted for specimens to Dr. E. Yon Martens,
of the Berlin Museum. A number of specimens, which do not differ from
the Cuban examples, were loaned me by Dr. Stimpson, curator of the

Chicago Academy, and are marked "Locality lost." As no other speci-

mens from the West Indies occur in the collection received from Dr.

Fig. 12.

—

Usiheria jonesii, magnified
twice. After Baird.

Fig. 13.

—

Linvnadia aniencana, Packard.

Stimpson, it indicates that ^. jonesii may possibly occur in the Southern
States, or Central America; the only habitat as yet known being Cuba,
Avhere it is said by Baird to inhabit brackish water.



PACKAED.] PHYLLOPODS OF NORTH AMEEICA. 311

Genus LIMKADIA Brongniart.

lAmnadia Brongniart, M^moires <lu Museum d'Hist. Nat. VI, PI. 13, 1820.
Milne-Edwards, Hist. Nat. des Crustaces III, 561, 1840.

Sliell broad, flat, with about 18 Hues of growth, disappearing near the
very flat nearly obsolete beaks; 22 pairs of feet.

LiMNADIA AMERICANA Morse.

Limnadia americana Morse, Proc. Bost. Soc. Nat. Hist. XI. First Book of Zoology.
Fig. 138, L., 1875.

Shell (Fig. 13 in text) large, broad, ovate, much flattened, with 18 lines

of growth; smooth and shining; allied to L. gigas of Europe.
Length of shell, 12.5™"; breadth, 9"™.

Museum of Peabodj' Academy, collected by Mr. Tufts, at Lynn, Mass.

Genus EULIMISTADIA Packard.

Eulimnadia Packard, Sixth Report Peab. Acad. Sc. Salem., 55, June, 1874.

Hayden's U. S. Geol. and Geogr. Surv. EejD. for 1873 ; 618, 1874.

Shell narrow, oblong, oval, not nearly as wide as in Limnadia^ with
only 4 or 5 lines of growth ; the dorsal edge straighter, less curved than
in Limnadia

',
18 pairs of feet. The head and antennae do not differ

essentially, but the gills are much larger than in Limnadia: while the
upper or dorsal lobe of the flabellnm is much smaller than in Limnadia.
The Australian Limnadia stanleyana King and L. antillarum Baird are

congeneric with our L. agassizii and texana.

Syno])sis of the Species.

Shell narrow-ovate, with 4 lines of growth LJ. agassizii.

Shell narrower than in preceding, more oblong, with 5 lines of growth;
2d antennae longer, more spiney and hairy than in foregoing spe-

cies U. texana.

Eulimnadia agassizii Packard.

Plate VII, figs. 5, 6.

Eulimnadia agassizii Packard, Sistli Rep. Peab. Acad. Sc, 54, 1874.
Hayden's U. S. Geol. and Geogr. Surv. for 1873. 618, 1874.

Carapace valves whitish, very transparent, quite regularly oval, nar-
rower than usual, somewhat trun-

cate at the end, widest slightly in

front of the middle, with four lines

of growth, valves much more con
vex than in Limnadia americana.
Head with the "haft-organ"

larger than in E. texana. First
antennae much shorter, smaller and
less distinctly segmented than in

E. texana^ not reaching beyond the
middle of the stem or scape of the
2d antennae, while in E. texana they
reach to the basal joint of the fla-

gella. Second antennae with 9 j oints

to each flagellnm. In the upper flagellum but a single seta at the end
of each joint, while there are four or five in E. texana ; the setae on the

Fig. 14.

—

Eulimnadia
lareed about 6 times.

agassizii Packard,
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under side are miicli shorter and stouter than in E. texana; the stem
is shorter and stouter than that of JE. texana.

Eighteen pairs of feet.

Telsou rather broad ; along the dorsal edge are twelve pairs of acute
spiuules with the usual long forked filament between the first and second
pair of spines; the large terminal spines of the telson fringed with long
hair-like set* instead of spines, as in the European Limnadia ffigas, but
the tip is armed with minute short spines, A stout conspicuous spine on
the lower angle of the telson under the terminal spines. A pair of long
abdominal cirri. The eggs are yellowish and roughly granulated.
Length of shell, G.2°^°^ ; breadth, 3.8"^'".

About one hundred females, mostly with eggs, occurred in a small
pool of fresh water on Penikese Island, Buzzard's Bay, August 27, 1873,
collected by Mr. Walter Faxon. Upon examining the pool the following
July or August (1874), the young, about a line in length were found,
but the pond subsequently dried ui). The eggs are yellowish and with
the chorion roughly granulated.
The species was dedicated to Prof. L. Agassiz.
Compared with L. americana Morse, which closely resembles L. gigas

(received from Sweden through the kindness of Prof. W. Lilljeborg), it

d lifers very decidedly in the much narrower shell and fewer lines of
growth. It belongs to a different genus from the two above-named spe-
cies, agreeing in the structure of the animal and the bivalved carapace
with L. antillarum Baird, Proc. Zool. Soc, 1852, 30, from St. Domingo
(Fig. 15), and L. texana Pack. From L. antillarmn it differs in being
more regularly oval and much more prominent behind the umbones.
It also agrees with Baird's description of L. antillarum in its two large
terminal caudal spines being hairy, it having eighteen feet and nine-
jointed flagella. It differs from L. texana in the stouter haft-organ, be-
ing less triangular in outline; in the broader telson, on the upper edge
of which the teeth are less numerous ; in the smaller first antennae, and
the less spiny second pair; the shell differs in being more broadly ovate
than in U. texana, which is oblong, less concave along the dorsal edge,
and it differs from that of E. texana in having four instead of five lines

of growth, as in L. texana.

EuLiMNADiA TEXANA Packard.

Plates VI, VII, figs. 1-4.

EuUmnadia texana Packard, Amer. Jour. Sc, vol. ii, Aug. 1871.

Carapace valves rounded, oval, whitish, with 5 concentric lines of
growth ; shell very minutely punctured ; these markings being coarser at
the posterior end of the shell, where they are arranged in lines parallel
to the edge of the shell ; eyes double, but with the inner edges contiguous.
Twenty body-segments behind the head, including the telson ; 18 pairs
of feet ; first antennae extending to the first joint of the flagella of sec-

ond pair; the latter each 9-jointed, each joint above with 4 or 5 stout
setse, and beneath with long spinulose setse. First pair of legs of male
with a slender hand ; the claw moderately large, the fifth endite very
long and slender.

Telson with sixteen fine teeth above, not including the terminal acute
spine; ckudal appendages long and slender, knife-shaped, the under
edge fringed with long hairs; the upper edge straight, the end blunt,
with the lower edge slightly curved. The eggs are yellowish and pen-
tagonal in outline.

Length of shell, 7°^°^
; breadth, 4'"'".

" Quite common in many places in Western Texas in the early spring"
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(G. W. Belfrage). Very common at Ellis, Kans., collected by Dr. L.
Watson, and at Fort Wallace, collected by Prof. J. Lindalil. It is as-

sociated with Streptocephalus texamis, Thamnocejphalus hrachyurus, JEs-

theria compleximanus and mexicana.
The shell compared with Baird's figure of Limnadia antiUarum, which

belongs to this genus, and is closely allied to the present species ; is

more rounded oval at each end, the shell being somewhat truncated in
the St. Domingo species.

Species not recognizable.

Limnadia coriacea Haldeman. Proc. Acad. Nat. Sc. , Phil. 1, 184, 1842.

" Body lengthened ; swimming branchise extending along three-fourths

of the inferior surface, from the neck to the extremity of the tail ; tail

crested above with a row of large conical obtuse tubercles ; apex of the
shell elevated, and about one-fourth of the length from the anterior ex-

tremity; color, light brown ; length, 5 millim.; height, 3; diam., 1^.

"Ba&.—Ditches along the Susquehanna, in quiet water."

It is difficult to say whether this is a Limnadia or Ustheria, as the de-

scription is too brief and inexact to enable us to determine the genus or
species. It cannot be a Limnadia, and seems to api^roximate more
closely to Usfheria; though it cannot belong to that genus, as the an-

tennae are said to be 12-13 jointed. Until some one collects in the local-

ities visited by Mr. Kite, we shall be in doubt as to what this form
may be.

Limnadella, novum genus.

Charles Girard: Ou a new entomostracan of tlie family Limnadidfe, iuliabitiDg the
Western waters. Proceed. Academy Nat. Sciences of Philadelphia, vol. vii, 1854,

ly55, page 3.

" Gen, character.—Eye, one. AntenniB subequal, provided upon their

inferior side with long and plumose set*, whilst on the upper side there
are short, slender, and simple spines. Two elongated, taj^e-shaped
jaws. Feet in twenty-four pairs, provided upon their extremities and
sides with slender and plumose sette or hairs. A series of si)iny pro-

cesses along the posterior half of the dorsal line. Post-abdominal i^late

very large. I^Tutritive system phlebenteric.
" Observations.—This genus difi'ers from Limnadia in being provided

with one eye only instead of two. Also by its antennae, the two pairs

of which are similar in structure, whilst in Limnadia one pair is smaller
than the other. The post-abdominal plate and number of feet will aftbrd

other distinguishing characters between Limnadella and Limnadia.
From Gyzicus or Estheria it differs, first by the structure of the shell,

which in Estheria resembles that of an Area, whilst in Limnadella it is

altogether cyproid in its general aspect. There is a marked diiference

between these two types in the structure of the antennae, the joints of

which are provided on their upper part with numerous spines in Limna-
della, whilst in Gyzicus there is but one single spine at the anterior edge.

The structure of the feet is likewise dissimilar, being furnished with
plumose setse in Limnadella.^^

Limnadella Kitei, n. spec.

'^Specif, character.—Shell: elongated, subelliptical, thickest anteriorly;

twice as long as deep; anterior, inferior, and posterior margins regu-

larly continuous; upper outline somewhat irregular ou account of the



314 GEOLOGICAL SUEVEY OF THE TERRITORIES.

beaks being rather prominent. Yalves uniformly convex. Greatest
depth, one-eighth of an inch; greatest length, one-quarter of an inch.

Specimens may occasionally attain to a larger size. Color, deep or light

brown, mottled with black. Animal : antennte composed each of twelve
or thirteen subequal joints. Twenty-four pairs of feet, the six posterior
ones diminishing gradually away so as to render the last three rudi-

mentary. The last of all is inserted upon the last caudal segment but
one. There is a broad subtriangular plate, terminated by two pairs of
very large spines, curved upwards; the inferior pair beiug longer and
slenderer than the upper one. The concave margin of that plate is fur-

nished with a series of quite small spines. On the uppermost part of
the post-abdominal plate is inserted a pair of very delicate sword-shaped
appendages, very diihcult to be observed even with a good microscope.
Along the posterior half of the back there exists a series of sixteen pro-

cesses, provided ui)on their upper and posterior sides with about five or
six minute-curved spines, the tip of which is bent backwards. The an-

terior two of these processes are but rudimentary ; the most developed
occupy the middle of the series ; the posterior ones again diminish gradu-
ally as they approximate the post-abdominal plate.

" Specimens collected at Cincinnati were sent to the Smithsonian In-

stitution by Thomas Kite, of that city.''

Afterward Professor Haldeman makes the following statement, in

Proc. Acad. ^STat. Sc, Phil., vii, 34, 1854:
"I find that the Limnadella described by Mr. Girard, Proceed. Acad.,

vol. vii, page 3, is my Limnadia coriacea, ib.j 1, 184, for June, 1842, At
that ti]ne I doubted the propriety of placing it in Limnadia, chiefly on
account of the dorsal tubercles mentioned in my description, but I had
no means of making the necessary comparisons. It was discovered in

great abundance in a road-side puddle subject to dessication, and al-

though I removed a number of them to a small pontl, I have never met
with them since."

EULIMNADIA ANTILLARUM (Baird).

Limnadia anlillarum Baird. Proc. Zool. Soc. London, xx, p. 30. Plate XXIII, figs. 1,

la, lb, Ic. 1«52.

" Carapace valves of a rounded oval shape, and of a transparent whitish
color; prominent on dorsal margin where the muscular attachment of

^•T,,,,^ the body takes jilace, sloping from thence

£^ /^^^^^ rather suddenly towards anterior extremity,
where it forms a somewhat blunt point, and
more gradually to posterior extremity, which,
as well as ventral margin, is rounded. Anten-
nules bluntly serrated or crenulated on their

ux)per edge, rather shorter than peduncles of

\ V - large antenna?, which are stout and not half

Tig. \r,.—Eiiiimnadia antiiiarwm. the length of thc body. Thcj cousist of nine
Enlarged G diams. After Baird. articulatious, cach haviug ouc Or two loug plu-

mose setce springing from the under edge, and one short stout spine at
each joint on the upper edge. Caudal lamellee of considerable length,
and beset on under edge with long plumose setoe to within a short dis-

tance of the tip, which is somewhat curved, sharp -pointed, and slightly

serrated on upper edge. Peet, 18 pairs.
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"The structure of the carapace is the same as in Limnadia Hermanni,
the surface being covered with minute dots or punctuations.

"This species differs from the two others in the shape of the carapace
and in having the setse of anteunse and tail plumose.
"iZ«&.—St. Domingo, West Indies; M. Salle, Mus. Brit." (Baird.)

Family APODID^ Burmeister.

Head and body in front broad and iiat, shovel-shaped ; carapace broad
and fiat; the body cylindrical, few or numerous segments extending
beyond the carapace; antennse small, 2d pair minute, sometimes want-
ing; labrum large, broad, flat; feet numerous, usually 63 pairs; with
a large coxal, maxilla-like basal lobe forming gnathites; beyond five

subjointed endites ; the 2-4th endites in 1st pair of feet very long and
slender, especially the 5th

;
gill pear-shaped or bottle-shaped ; flabellum

triangular, simple ; the 5th endite of the 1st pair of legs is sometimes
nearly as long as the body, the 11th pair bearing egg-sacs, and in the
male having the genital outlet. Behind the 11th pair two of the abdomi-
nal segments bear each six pairs of appendages, there being many more
ai3j)endages than segments to the abdomen, while a variable number at

the end are without appendages. Telson cylindrical, either short or
euding (in Lepidurus) in a long paddle-like outgrowth. A pair of long
filiform jointed caudal appendages. Larva a nauplius.

Synopsis of the genera.

Telson ending in a long j^addle-shaped outgrowth Lepidurus
Telson short, cylindrical, simple- Ajnis

Genus LEPIDUEUS Leach.

Plates XV, figs. 2, 2a, 3; XVI, figs. 1, la, lb; XVII, XXI, figs. 1-6, 9, 11.

Jj^idurus Leacli. Diet, des Sc. Nat. I, 259. 1816.

Body rather deeper, more rounded than in Apus ; the carapace longer
in proportion to the body than in Aptis. Frontal doublure much as in
Apus

J
but with a rather prominent tubercle at the base of the hypostoma,

while the latter is much larger than in Apus. Eyes as in Apus^ but the
tubercle behind the eyes is oblong-oval, instead of round, as in all the
species of Apus I have seen. Antennae much as in Apus. Mandibles as
in Apus, with the same number of teeth ; but the dorsal mandibular
transverse tubercle on the carapace is larger ; the maxillse also as in

A-pus. The endites of the 1st pair of legs are very short, the outer ones
in some species scarcely projecting beyond the edge of the carapace

;

there are about twelve subjoints in the 5th or longest endite, and the
ends are usually (not always) rather bluut. The flabellum is very small
compared with that of Apus, being narrow, triangular, the distal end
acutely pointed, the gill or gill sac itself much as in Apus. In the suc-
ceeding pair of legs there are no good generic difterences between Apus
and Lepidurus, though endites 2-5 are inclined to be rather the longer
in Lepidurus. Gnathobases or coxal lobes much alike in the two genera.

In comparing the 10th pair of feet of Apus and Lepidtirus no generic
diflerences are to be observed, while the 11th pair, bearing the ovisacs,

do not essentially diiier in the two genera, but aftbrd excellent specific

characters ; however, the ovisacs in Lepidurus are considerably larger
and deeper than in Apus.
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The telson is produced behind, with a long, broad, often spatalate
plate or expansion, in A. glacialis, twice as long as the body of the tel-

son itself; the end subacute, or broad and rounded, or bilobed; the
edge smooth or spiny. The telson itself less spiny than in Apus. The
caudal stylets, or cercopoda, about as in Ajms.
The principal generic differences are in the long produced telson, the

shorter endites, the usually larger carapace, being larger in ])ro}>ortion

to the body than in A^nis (though not so in L. Mlobatus), and with usu-
ally only from 5 to 12 abdominal segments, besides the telson, projecting
beyond the hinder edge of the carapace.

Geographical distribution.—Western IS^orth America appears to be
richer than Europe-Asia in the species of this genus, one [L. productus)
occurring in the Eastern Hemisphere, ranging from Central Europe to
Scandinavia and England, while two species occur in the central zoo-

logical province of the United States, and one in Greenland and Arctic
America. No species of the genus have as yet occurred in the Missis-

sijjpi Valley or on the Atlantic coast, and none on the Pacific coast.

Synopsis of the species.

A. Endites 2-5 very short, not projecting beyond the carapace. Car-
apace large ; telson short, pointed, si)iny on edge L. glacialis.

B. Endites 2-5 rather long and slender, projecting w^ell beyond the car-

apace. Carapace large, leaving only 5 abdominal segments and
telson uncovered ; telson long, spatulate L. couesii.

Carapace very short ; telson long, bilobed L. hilohatus.

Lepidurus glacialis Kroyer.

Plates XVI, tigs. 1 (enlarged nearly 3 times), la, 11) ; XVII, figs. 1, 5; XXI, figs. 1, 2.

L. (jlaciaUs Kroyer. NaturMstorisk Tidskrift, Sd ser. vol. ii, 431. 1847.

Carapace very large, narrowing somewhat toward the eyes, being
more regularly ovate than in L. couesii^ whicli is more elliptical ovate.
The twelv^e terminal abdominal segments aie left uncovered by the car-

apace ; the telson broad at the base and extended into a blunt prolonga-
tion armed with coarse teeth on the edges, and as long as the telson is

broad at base; three sharp median teeth and a finely-denticulated tu-

bercle on each side, at the base ; the telson and its extension are smooth
beneath. The cercopoda or caudal stylets are nearly as long as the
body, slender and very hairy, rather than spiny.
The appendages differ decidedly from the other American species in

the 2d to 5th endites being very short and broad and more equal in size

;

the 5th endite is much shorter than in the other species ; the third and
fourth of nearly the same size and length, and one-half as long as in the
two other species ; the second is about twice as large in proportion as
in the two other species. The scale of the sixth endite is very long and
slender, the tip much attenuated, with very long, hair-like setoe ; the gill

itself narrow, pear-shaped.
In the second pair of feet the second endite is twice as large as in

the two other American species; the third and fourth of about the
same size as in the other species, while the filth is about one half as
long, the scale (6th endite) very large and ensiform, with the tip curved
and ending in a spine, the inner edge with sharp spinules, the outer edge
wath numerous long hairs. The accessory gill is inequilaterally triangu-
lar, the proximal edge straight, not produced backwards, as in the other
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two species ; the fringe of hairs is very long ; the gill itself is narrower
than in L. couesii or Mlohatus. Iq the tenth pair of limbs the third and
fourth endites are mnch longer and narrower than in L. couesii, the gill

and flabelhim very different from the other two species, the gill being
small, pyriform, with a constriction near the end, while the flabellum is

nearly as broad as long, rounded anteriorly, and with the posterior edge
straight.

In the eleventh pair of limbs, bearing the ovisacs, the endites are

also longer and narrower than in L. couesii.

Length of body, 14™"'; of carapace, 10™™; breadth of carapace, 9™™.

Length of cercopoda, 6™™; of telson, IJ™™.
Locality.—Eeceived from Southern Greenland, through Dr. 0. F. Liitr

ken ; Jacohshavn, North Greenland (Gerstaecker, 1064) ; Cape Krusen-
stern, Arctic America (Richardson).

Lepidurlts couesii Packard.

Plates XV, figs. 2, 2a; XVII, figs. 2, 3, 7; XXI, figs. 4, 5, 6, 9, 11.

Lepiduriis couesii Pack. American Naturalist, ix, 311, 1875. Bull. U. S. Geol. and
Geogr. Survey, F. V. Hayden, in charge, iii, No. 1, 177, fig. 16. April 9, 1877.

Compared with Lepidurus productus Bosc of Europe, the carapace is

of the same proportions, being large, broad, and leaving above five en-

tire terminal abdominal segments exposed, including the telson. The
deuticulations on the hinder edge of the carapace are finer than in the
European species, and show a tendency to become obsolete on the lower
part of the incision. The eyes are slightly fuller, more prominent than
in L. py^oductus, and the interocular tubercle is smaller. The mandib
ular area of the carapace is the same as in L. productus. Labrum_ a little

smaller than in L. productus. The leet are the same as in L. productus.
The mandibles in this species (PL XXI, fig. 11) have, on the cutting-

edge, six well marked teeth, which are rather blunter, less at.'enuated

at the end than in Apus lucasanus (fig. 12). The maxilla (PI. XXI, fig.

9) has a three-toothed lobe externally, and the inner larger lobe is- setose
throughout. There are usually from ten to twelve spines on the penulti-

mate segment, as in L. productus. The chief distinction lies in the very
long spatulate telson, which is about twice as long in proportion as that
of L. productus, and is long and narrow, varying somewhat in width, and
in size. The median ridge and edge are finely spinulose, the tip is well
rounded; caudal stylets nearly as long as in L. productus.
The eggs of this species, PL XXI, are somewhat larger than those of

Apus hicasanus (PL XVIII, fig. 5 ; the figures of the ovisacs containing
them having been drawn to the same scale by the camera lucida).

From L. glacialis Kroyer, of Greenland, it diifers in the longer, larger
carapace, eleven terminal segments being uncovered in L. glacialis.

The sjiines on the excavation are much smaller; telson twice as long,

and not subtriangular, and excavated at tip, as in L. glacialis; eyes
larger; interocular tubercle decidedly smaller; labrum smaller. The
first pair of legs are much longer than in L. glacialis^ in which the endites
are very short.

Length of an average specimen from head to end of telson, 20.2™™;

telson, 5™™; stylets, 15-19™"^,

This species was collected by Dr. Elliott Coues, naturalist of the
United States Xorthern Boundary Commission. He writes me that they
"occurred in myriads in several small prairie pools, from a hundred
yards to a half mile or so wide, exactly on the boundary-line, 49° X., just
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on the west bank of Frenchman's Eiver, Montana. You will not find
this stream on the map, perhaps, by this name.

" It is one of the first of the whole series of similar streams flowing south
into Milk Eiver. The species was not observed elsewhere. The ponds
were extensive shallow sheets of sweet water, of a comfortable wading-
depth, generally with a little open space in the deepest part, but mostly
choked with luxuriant vegetation {Graminece, Utricularia, &c.). Date
of collection, first week in July, 1874." Thirty-two males and thirty-one
females were obtained by Dr. Coues : this equality in the number of the
sexes is noteworthy.

Several females with eggs were also obtained by C. Carrington, of Hay-
den's U. S. G-eological Survey, at Smithfleld, Cache Valley, Utah. The
specimens are in the Museum of the Academy of Natural Sciences,
Philadelphia, to the curator of which I am indebted for the opportunity
of examining the specimens.

Lepidurus bilobatus Packard.

Plates XV, fig. 3; XVII, figs. 4,6; XXI, fig. 3.

Lepidurus hilohatus Pack., Bull. U. S. Geol. & Geogr. Survey, F. V. Hayden, in charge,
ill, No. 1, 178, Fig. 17, April 9, 1877.

10 (? , 3 ? .

—

Male.—Carapace broad and shorty as broad as long, meas-
ured along the median line. The eyes as in L. couesii. The excavation
in the front edge of the carapace is much larger and broader than in i.
muesii, and the teeth are more numerous, but very unequal in size, there
being a few large teeth, with a number of smaller ones between them.
The abdomen is longer than usual, with six (and part of another) seg-

ments beyond the last pair of feet, while in L. couesii there are only five.

The spines on the edges of the abdominal segments are larger than in

L. coue-^ii, including the five teeth on the edge of the segments as well
as the spines. There are about sixteen segments beyond the posterior

edge of the carapace ; in L. couesii, eight. On the dorsal side of the ab-
domin^il segments there are eight spines on the hinder edge, while there
are nine in L. couesii. The species differs from any others in the re-

markably short telson, which is short and broad, nearly one-half as long
ill proportion as in L. couesii. The segment is broader at base and the
telson is broader than in any other species; it is truncate at the end,
and divided by a slight incision into two well-marked lobes, with about
seven more or less well marked median spines on the blade of the tel-

son; this segment, including the telson, is as long as the preceding seg-

ments collectively. In the carapace, seen from beneath, the distance
from the anterior edge of the hypostoma to the anterior edge of the
carapace is much less than in L. coiiesH, while the hypostoma itself is

much more convex. The 1st pair of legs are much longer and broader
than in L. couesii, and the succeeding pair ai'e rather broader than in

that species.

Length of body, including caudal stylets, 48™™ ; length of carapace
(measured along median line), 18™™; breadth, 18™™; caudal appendages,
ITi^™™; 1st pair of feet, 15™™. •

Female.—Differs from the male in the much shorter body and shorter

first pair of feet. There are five segments beyond the last pair of feet,

and twelve segments beyond the edge of the carapace. It is easilj' dis-

tinguishable by the shorter abdomen and 1st pair of feet, but other-

wise it does not differ, the telson and caudal filaments being of the same
proportion. The egg- sacs were empty; they are situated on the tenth
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pair of feet. Lengtli of body. SS'"™ ; length of carapace (measured along
median line), IS^^j breadth, 17™™; length of caudal appendages, 14™™;
autennfe^ 10™™.

Po Canon, Vermillion Eiver, Colorado; collected by Dr. C. A. White,
of Major Powell's Survey. Described from si)ecimens kindly loaned by
Prof. H. A. Ward, of Eochester, N. Y.

This exceedingly interesting species differs from any other known to
me in the large, broad, bilobed telson, that of L. glacialis being small,

subtriangnlar, while in L. productus and L. couesii it is long and spatu-

late. It differs from the two latter species in the longer, broader, 1st
pair of feet, the longer body, and shorter carapace.

The differences in the appendages in L. bilobatus and couesii are
very slight; in the 2d pair of feet the accessory gill of L. bilobaUis is

longer, less rectangularly triangular than in L. couesii, while the pear-
shaped gill is of nearly the same shape in both species. In both species

the four endites are long and slender, those of L. bilobattis being rather
wider than in L. couesii. The scale (6th endite) is blunt, knife-shaped,

and finelj'" denticulate on the outside in L. bilobatus, while in L. couesii

it is acute, shorter, and triangular. In the 2d pair of feet the scale in

L. bilobatus is very large, stout, knife shaped, and finely denticulated
on the inner edge, with fine setse externally; that of L. couesii is one-

third smaller and acutely triangular; the four endites are mucb broader
in L. bilobatus than in L. couesii. The accessory gill is larger and much,
tbe broader in L. bilobatus, the posterior end being very much produced
mL. couesii. In the 10th pair oflimbs the endites are longer and narrower
in L. bilobatus than in couesii, and the scale is narrower.

The following exotic species may be referred to here:

Lepidurus viridis Baird, Proc. Zool. Soc, London, 1850. Van Diemen's Land.

Lepidimis anqusii Baird, Proc. Zool. Soc, London, 122, 1866. Rain pools on the Gaw-
ler Plains, north of Adelaide, South Australia.

Apus Schaeffer.

Plates XV, figs. 1, la, lb; XVI, figs. 2-5a; XVIII, XXXII, XXXV.

Apus Schaeffer, Der krehsartige Kiefenfuss, 17.%. Bosc, Hist, des Crust, ii, 244, PI.

XVI, fig. 7. Latreille, Hist, des Crust. Ins. iv, 195. Milne-Edwards, Hist.
Nat. Crust, iii, 356, 1840.

As in Lepidurus, but the carapace is shorter, the abdomen being
longer and extending much, farther beyond the hinder edge of the cara-

pace; the 2d-5th endites of the 1st pair of legs are muck longer than in
Lepidurus, the 5th when stretched back sometimes reaching near the
telson ; tke latter is short, cylindrical, without any paddle-like exten-
sion. «

Synopsis of the species.

Carapace longer than in the other species; telson short, with 4 large
central spines above A. cequalis.

Carapace shorter tban in cequalis, but the telson longer. . .A. newberryi.
Carapace shorter than in foregoing species ; telson with only 3 central

spines A. lucasanus.

Carapace much as in A. lucasanus ^ telson very short, with 5 central
spines A. tongicaudatus.
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Apus ^qualis Packard.

Plates XV, figs. 1, la, U; XVIII, fig. 1; XIX, fig. 2; XX, fig. 2.

Apus ccqualis Packard, Amer. Jonru. Sc. Aug. 1871.

Two males.—This species differs from the following species in the
carapace being as long as the abdominal portion beyond it. The dou-
blure is shorter than usual; while the hypostoma is rather larger, being
as long as the doublure; the front of the head beneath resembling that
of A. longicaudatus. There are 17 teeth on each side of the sinus of the
carapace. Eyes considerably larger than in A. longicaudatua ; the post-

ocular tubercle much smaller than in the species just named. In the
first pair of feet the fifth endite is rather longer than in A. newberryi,

the fourth longer and slenderer, and the second also long and slender.

In the second pair of feet the four endites are rather short and broad,
especially the first; the "scale" (or sixth endite) is much shorter than
the fifth endite, the latter being long and slender, and in one specimen
reaching to the base of the telson. The fourth endite in one specimen
is two-thirds as long as the fifth, in another scarcely half as long. The
flabellum is smaller, but of nearly the same form as in A. netcherryi, while
the gill is smaller and more regular in form. In the tenth jDair of feet

the four endites are rather longer and narrower than in A. netcherryi;

the tips of the fifth endite and its scale are of equal length, the end of

the latter terminating in a curved spine; the flabellum is much rounded,
with a long fringe of hair-like setse, but is not much larger than the
gill itself; telson about as long as in A. longicaudatus, unusually
smooth, with five median spines, three arranged in a triangle near the
edge, with two moderately prominent lateral ones at the base of the
caudal appendages, the latter moderately spiny, the spines being fine

and numerous; beneath the telson is quite smooth, with fine sjiiues in

the middle and on the sides. Number of segments beyond hind edge
of carapace, 23; beyond last pair of appendages, 11. Total length of

the body, 29™"^; length of carapace, 14™'"; breadth, 12.5'^>"; length of
carina of carapace, 9"^"'; distance from front end of keel to front edge
of head, 5.2™'"; length of caudal appendages, 19™".

Thirteen females.—Carapace with 20 spines on each side of the
hinder edge or sinus. The fifth endite of the first pair of feet reaches
in all the Matamoras specimens but one to the base of the telson, in the
others midway between the hind angle of the carapace and the base of

the telson. Number of segments beyond the hind edge of shield, 25;
number beyond last pair of appendages, 9. Total length of the body,
29™™; of carapace, 14™™; breadth, 11.5™™; length of keel, 8.5™™; length
from end of carina to front edge of head, 5.8™™; length of abdomen be-

hind the carapace, 14™™; length of caudal appendages, 19™™. "Mat-
amoras, Mexico, General Couch," "Kansas, No. 5," Mus. Chicago Acad.
Sc, "Plains of Rocky Mountains, No. 390," Museum of Yale College.

Having been favored by Professor Baird with the opportunity of ex-

amining a colored painting by Dug^s, September, 1877, of an Apus col-

lected at Guanajuato, Mexico, I am inclined to refer it to A. ccqualis,

though in comparing the drawing with the specimens from Matamoras
the antennae are represented as much too short, and the body behind
the carapace too thick ; but it fairly represents the proportions of the
carapace.

1 have received small specimens of this species from Bosque County,
Texas, through Mr. Belfrage. One of them was a young one, whose
total length was 29™™, the carapace along the median line measuring
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11.5'^™, the abdomen beyond the middle fold of the carapace being 5"^^

long; the carapace was longer and the abdomen much shorter than in
the adnlt, but in the number and arrangement of the spines on the tel-

son and in the caudal stylets, as well as the eyes and adjacent parts,
the Texan ones are the same as the type specimens from Kansas and
Matamoras.

This species may at once easily be distinguished from the other Amer-
ican species by the greater length of the carapace, which equals that of
the abdomen, also by the smooth telson with its five spines and the
rather smooth, slightly spined caudal appendages. The young, one-half
an inch in length, have the same proportions of the carapace and abdo-
men as in the largest specimens.

Apus ]vnEWBEEE,Yi Packard.

Plates XVI, fig. 3, 3a, 36 ; XVIII, figs. 2, 7 ; XIX, fig. 3 ; XX, fig. 1.

Jpus newherryi Pack., Amer. Journ. Sc. Aug. 1871.

Carapace rather longer than in A. longicaudatus and lucasanus^ though
leaving about the same number of apj)endages in view when seen from
above. The dorsal keel of the carapace is about one-third longer than
the distance between its anterior end and the front edge of the carapace.
The eyes are rather larger than in A. longicaudatus^ and the post-ocular
tubercle is of the same form, though, owing to the larger eyes, not quite
so prominent as in A. longicaudatus. The transverse muscular eminence
is not so long (antero-posteriorly) as in A. longicaudatus y^heve it i^rwiah.

produced xjosteriorly. There are 14 spines on each side of the sinus of
the female carapace, the posterior angle of which is a little more obtuse
than in A. longicaudatus. Doublure and hypostoma as in A. longicau-

datus, the tubercle at the base ofthe hypostoma not so strongly marked
however. The fifth endite of the first i)air of feet reaches only a little

beyond the cephalic shield, and only as far as the basal third of the
abdomen (that part not covered by the carapace), while in A. longi-

caudatus it reaches as far as the middle of the abdomen.
The second endite unusually small and slender; third and fourth

moderately short, sliorter than in A. luca^sanus ; the flabellum is con-
siderably f>rolonged and attenuated backwards, much more so than in
A. lucasanus ; the gill itself is rather large and twice as wide as in A.
lucasanus ; in the female there are no marginal filaments. In the sec-

ond pair of feet the endites are slightly longer than in A. lucasatius,

especially the first one, and they are more deeply incised or denticulated.
The scale (sixth endite) is large and long, reaching to the tip of the
5th endite; it is finely spinulose, with a curved terminal spine. The
riabellum is large, as is the gill itself, which is nearly twice as broad as
in A. lucasanus, and without any marginal filaments. In the tenth pair
of appendages the endites are very broad, triangular; the scale longer
than the 5th endite, and with a stout terminal spine ; hairy externally
and spiny on the inner edge. The flabellum and gill are unusually
large. The endites of the eleventh or ovigerous pair are broader than in

A. lucasanus.

The under side of the abdominal segments are a little more spiny than
in A. longicaudatus and A. Zitcasmiws owing tothe secondary small spines
developed on the base of each segment ; above there is one less spine
on each ring than in A. longicaudatus, but the same number as in A.
lucasanus.

The telson is longer than either in A. longicaudatus or A. lucasanus;

21 H
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the lateral spines are minute ; along tlie middle line are five spines

;

the lateral groui^ near the base are arranged more in a line than in A.
longicaudatiis, where they form a more irregular group. The under sur-

face is nearly smooth compared with A. longicaudatiis or A. lucasanus.

The caudal appendages are two-thirds as long as the body, and gradu-
ally taper towards the tips instead of being suddenly thicker at base, as

in A. longicaudatus, and are much less spiny. In A. Inoigicaiidatus there

are four or five large stout, broad teeth on one side, while in the pres-

ent species there are a number of minute spinules around the basal as

well as the terminal segments. ]Srumber of abdominal segments beyond
hind edge of carapace, 29 ; number of segments behind the last pair of

appendages, 11.

Total length of carapace, 25'°'" j length along the middle, 19^'"'";

breadth, 21"™.

Length of dorsal keel of carapace, 12^'"'" ; from front end of keel to

front edge of head, T^-""".

Length of abdomen behind the carapace, 25'"'".

Length of caudal appendages, 26""".

This species differs from A. longicaudatus and A. lucasanus^ to which
it is nearly allied in form and in geographical range, in the longer cara-

pace, and shorter abdomen with its longer telsou. It need not be con-

founded with A. wqualis, in which the carapace is much larger and longer
and the telson much shorter, while the latter species is restricted to the

eastern border of the Eocky Mountain plateau and to Texas and Mexico.
It diiiers chiefly from A. longicaudatus and A. lucasanus in the shorter

endites and much longer, smoother telson, and the smooth, almost
hairy, instead of spinj^ caudal ai^pendages, and in the entirely different

arrangement of the spines on the telson.

Locality.—"Utah, J. S. Newberry, No. 1." Two females, Mus. Chi-

cago Acad. Sc. Ogden, Utah, collected by Mr. Henshaw, "Wheeler's

Survey, one female. In this individual there is one less spine on the

middle of the telson than in the two others, and there are only eight

instead of nine segments between the telson and the last pair of append-
ages. The carapace does not dilfer, nor do the appendages.

Apus lucasanus Packard.

Plates XVI, figs. 2, 2a, 26 ; XVIII, figs. 3, 5 ; XIX, figs. 1, 5 ; XXI, figs. 7, 8, 10, 12, 13.

Apus lucasanus Pack., Amer. Journ. Sc. Aug., 1871. Bull. IJ. S. Geol. and Geogr.
Survey, iii. No. i, 171, 179, April 9, 1877.

Males.—This is the more aberrant of the two sexes. It is very near
A. longicaudatus. The eyes and post ocular tubercle as in A. longicau-

datus ; the muscular eminence is not so much produced behind as in A.
longicaudatus. Carapace a little longer than wide, with 14 teeth on
each side of the posterior sinus. Doublure rather longer than in A.
longicaudatus and the hypostoma a little smaller. Antennae as in A.
longicaudatus. The 5th endite of 1st pair of feet are shorter than
usual, often not reaching to the hind edge of the carapace, being much
shorter than in any of the other American species. (It is represented
as rather too long in fig. 2, PI. XVI.) The first pair of feet and succeed-

ing appendages are shorter and rather smaller than in A. longicaudatus.

In the 1st pair of feet of male the 2d endite is much larger than in A.
longicaudatus, the three other endites being much as in the male of

A. longicaudatus ; the gill is narrow, regularly oval, and fringed with

sparse, thick filaments, while the flabellum or accessory gill is full,
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evenly rounded in front and acute behind. In the 2d pair of feet the
2d eiidite is larger and much stouter than in A. longicaudatus ; the scale

of the 4th pair is large, broad, acutely ovate, the edges smooth, the
end only reaching to the outer third of the 5th endite ; the flabellum is

large, rounded, oval, while the gill is much as in the first pair. In the
10th i^air of appendages the endites are much as in A. longicaudatus,

but slightly broader, and the scale has the same relations to the 5th
endite as in A. longicaudatus. As regards the flabella, the two species,

though so much alike externally, differ decidedly in form, those of A.
lucasanus being larger and more rounded externally, while the gills are
narrower, and provided with scattered thick filaments on the edges,
which are wanting in A. longicaudatus. The under side of the telson,

which is longer, is also less spiny than in A. longicaudatus, and on the
upper side there are three spines in the middle instead of five, as in A.
longicaudatus, with two large spines on each side. Caudal appendages
less spiny than in A. longicaudatus; their spines are blunt, and their

arrangement into rows differs from that in A. longicaudatus, where the
rows are arranged in twos, a row of small spines being just behind a
row of large ones on the edge of the joint. Number of segments exposed
behind the carapace is 33 ; number of abdominal segments beyond the
last pair of apiDcndages, 13.

Length of body, excluding the caudal appendages, 27™™.

Length of carapace, 12™™; breadth of the same, 10™™; length along
the middle, 9™™.

Length of the keel, 6™™; distance from front end of keel to front end
of carapace, 4™™.

Length of caudal appendages, 14™™.

Female.—The carapace is longer and the abdomen shorter than in the
male. There are 17 sx)ines on each side of the sinus of the carapace.
Telson as in the male, while the caudal appendages have smaller spines;
beneath not spined, being smooth, with a row of fine teeth on the edge.
The exites of the 11th ovigerous feet are decidedly shorter and broader
than in A. longicaudatus. Number of segments beyond the hinder end
of carapace, 29 ; number of segments behind the last pair of append-
ages, 11. The eggs are of the same size as in LeConte's species ; they
are spherical, orange-yellow; the chorion thin, transparent; the yolk
granules rather large.

Total length of body, 20"""; length of carapace in the middle, 10'"'".

Length of keel, 6"""; distance from front end of keel to front edge of
carapace, 4'™"'.

Length of abdomen behind the hind edge of the carapace, 14 inches.

Several males from Museum of Chicago Academy of Sciences labeled
" Cape St. Lucas, J. Xanthus, 4."

Six male specimens in a bottle received from Dr. Stimpson, and
marked " Kansas "? 5" ; in the same bottle were 13 females oi'A. aiqualis.

These conld not be distinguished from Cape Saint Lucas specimens.
This species occurred in great abundance at Ellis, Kans., associated

with the other Phyllopods from this locality. It was collected in June
by Dr. L. Watson. The specimens are not distinguishable from my
types of A. lucasanus from Cape Saint Lucas, Lower California.

Numerous specimens have also been received from Fort Wallace,
Kansas, through Prof. Joshua Lindahl.
The occurrence of this species so abundant locally in Kansas, at Cape

Saint Lucas, is interesting. Fearing that some mistake had been made,
I have repeatedly compared the Cape Saint Lucas specimens with nu-
merous ones from Kansas, and have observed no differences; in com-
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paring every part of the 1st and 2d pairs of feet of individuals from
Oape Saint Lucas and Kansas no differences can be found.
As the species has proved to be the most abundant and accessible of

all the species in this country, the specific name is not altogether ap-
propriate, still it will serve to remind one of the interesting features in

its geographical distribution.

The food of this species ax)pears to be Crustacea, as in dissecting the
mouth-parts of one of this species the legs of an Asellus-like Crusta-
cean were found partly swallowed. Hence they are quite predaceous in

their habits.

Apus longicaudatus Leconte.

Plates XVI figs. 4, 4a; XVIII, figs. 4, 6; XIX, fig. 4; XX, figs. 3, 4.

Apus longicaudatus Lee, Annals N. Y. Lyceum, iv, 155, PI. IX, 1846.

Apus obhtsus James, Long's Expedition, ii, 336. Packard, Hayden's U. S. Geol. Survey,
Terr. Report for"l873, 620, 1874.

Carapace about as long as wide, being shorter than in any other
known American species. This species, besides the characters given by
Leconte, has the folloAying: The frontal doublure is about one-half as
long in proportion as in A. cancriformis, being shorter than the hyj)o-

stoma; the latter is rather shorter and broader than in A. cancriformis^

and with a swollen area or eminence at the base, not present in A. can-

criformis. The antenuse are two-jointed, the 2d joint slenderer, more
chitinous than in A. cancriformis, and reaching to within a distance
from the edge of the shield equal to one-fourth of their length. The 1st

]>air of feet are alike in both sexes. The endites are long and slender,

differing only slightly from those of A. lucasanus; the specific defer-

ences are, however, best marked in the exites of all the limbs, the
gills being small, rather narrow, but still wider than in A. lucasanus,

but without the fringe of coarse filaments of the latter species; the fla-

bellum is shorter, more triangular, the anterior edge being less full and
rounded. In the 2d pair of feet the endites are much as in A. lucasanus,

but the scale is long, knife-shaped, acute, and extends nearly to the tip

of the 5th endite. The gill is regularly rounded, ovate, and the flabel-

lum is subtriangular.

In the 10th pair of limbs, while the endites are much as in A. luca-

sanus they are a little narrower, and while the flabellum is of nearly the
same shape and size, the gill itself is much shorter and broader, being
nearly round.

In the 11th pair of female limbs bearing the ovisacs, the short flabella

are longer and narrower than in A. wqualis.

Seen from above, 32 segments may be counted in the males (in the
female, 28) beyond the edge of the carapace; and seen from beneath,
there are 14 segments beyond the last pair of appendages (in the
female, 10).

The abdomen is unusually spiny, as also the caudal stylets, the seg-

ments of the latter being well marked by the spinules, which project

unusually far out. The telson is shorter and more spiny than in A.
lucasanus; on the upper side is a median group of three spines arranged
in a triangle, with a pair lower down, with three stout lateral spines,

and a group of five or six spines just within the outer edge, and near
the base of the telson ; the under side is more heavily spined laterally

than in A. lucasaiius, and there are more numerous, finer spines on the
under side of the segment next in front of the telson.
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Total length of carapace, IQ""^"^; width of the same, 17"°°^.

Length of keel on the carapace, 8^'^^', from anterior end of keel to

front edge of carapace, 6'"'".

Length of abdomen beyond the carapace, 21|"'™.

Length of caudal appendages, 20""".

Diameter of the ovisacs, 2|"™.

Our female differs from the males in the carapace being longer, with
28 segments, uncovered, beyond the carai)ace; and 10 segments beyond
that bearing the last pair of appendages, while the under side of the
telson is much smoother than in the males, but the upper side as in the
males; the caudal appendages less spiny than in the males.

The ovisacs contained a few eggs, which were of the same size as in

A. lucasanus and otherwise the same, except that the germ had com-
menced to develop ; they were arranged in the cavity of the ovisac side

by side in two rows, the lower or inner row the larger.

I have had the opportunity of examining Professor Dana's original

type of Leconte's, contained in the museum of Yale College. It was,
when received, broken and dried up, but with the carapace preserved,
while the caudal appendages were wanting. The specimen was labeled
"Rocky Mountains, near Long's Peak." This would j)lace it within the
present limits of Colorado.
Four specimens from the museum of the Chicago Academy of Sciences,

received through the late Dr. William Simpson, were labeled "Texas, J.

H. Clark 'No. 3." They only differ from Dana's type specimen in the
dorsal carina of the carapace being considerably shorter than in the
type, being twice as long as the distaiice from the front margin of the
carapace to the anterior end of the keel.

In the other specimen this distance is one-third or one-fourth as great
as the length of the keel. The specimens vary somewhat in the relative

length of the keel, in the length of the abdomen, and the size and num-
ber of spines on the under surface of the telson, while the endites of
the 1st pair of feet vary slightly in length. The size and form of the
telson, and the number and arrangement of the sijines afford good spe-
cific characters in this genus.
Three specimens labeled " Pools near Yellowstone Eiver, Dr. Hayden,

6," were also received through Dr. Stimpson, of the Chicago Academy.
The range of the species would seem to be from the Yellowstone Eiver
along the eastern flank of the Rocky Mountains to Texas, probably the
upper part of the State.

James, in Long's "Expedition to the Rocky Mountains," says of this
species: "Rain-water puddles on the Platte River, near the Rocky
M ountains. ... In rain-water puddles we remarked a new species
of Branchipoda belonging to the genns A^us; small crustaceous ani-

mals, which exhibit a miniature resemblance to the King or Horse-shoe
Crab {Limulus polyphemus) of our own sea coast, but which are furnished
with about 60 pairs of feet, and swim ujDon their back. The basins of
water which contained them had been very much diminished by evap-
oration and infiltration, and were now crowded to excess, principally
with the Apus, great numbers of which were dying upon the surround-
ing mud, whence the water had receded. This species is distinguished
from the productus of Bosc and montagui of Leach, by not having the
dorsal carina prolonged in a point behind ; and from cancriformis by the
greater proijortional width of the thorax, and more obtuse emargina-
tiou behind. The length of the thorax along the middle is three-tenths
of an inch, and its greatest breadth somewhat more. It may be named
Apus obtusus."—Note 7, p. 336.
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We sliould regard A. longicaudatus as standing at the head of the
genus, and the European species, A. cancriformis, lowest, the former
species being on the whole more specialized," since the carapace is in A.
longicaudatus smaller, not reaching to the middle of the whole body,
while that of A. cancriformis is more as in the larval stages, since it

reaches nearly to the telson, nearly concealing from above the limbs.
The frontal doublure is also much smaller than in the European species,
while in the latter species the caudal appendages are considerably longer
than the body, in A. longicaudatus being barely one-half as long as the
whole body. On the whole, therefore, A. longicaudatus seems nearer
allied to BrancMpodidcc, while A. cancriformis, by its large shield cover-
ing nearly the whole body, shows some slight approximation to the Limna-
diadce.

Apus doming-ensis Baird.

"J.JJMS Domingenais Baird, Proc. Zool. Soc. London, Part xx, 5 (Tab. 22, fig. 1), 1852.

"Clypeo corporis dimidiam partem tegente,
rotundo, tenui, corneo; ramo externo pedum
primi paris corpus aequante. Long, toti corporis
1 poll; lat. clypei f poll.

"-Haft.—In Insula St. Domingo, India Occi-
dental!. CoUegit M. Salle. Museum Britanni-
cum.

" Though a native of the West Indies, this
species may be easily distinguished from A.
Guildingii by its round-shaped carapace of a
horny colour, covering half the body of the ani-

mal, and its external branch of the first pair of
feet only the length of the body, whih^, in A.
Guildi7igii it exceeds the whole body and caudal
filament included. The carina down the center
of the carapace, and the fork which it takes at

the anterior extremity where the division into

cephalic and thoracic portions takes place, are
marked throughout their length with a deep
brown color, as are also the short stout spines
on the abdominal portion of the body. These
are straight, not hooked, as in some of the other
species. The caudal filaments are nearly the
length of the body, and are covered with very
numerous, extremely short set«. The ovipar-

ous feet are present in all the specimens I have
examined, but none contain any ova."

This species (Fig. 16) is very closely allied to

A. cequalis, and represents that species in the

West Indian fauna.
riG. 16.

—

Apus domingensls, en-

larged. After Baird.

Apus guildingii Thompson.

Apus Gtdldingii Thompson, Zool. Eesearclies, Fasc, t. 108, t. 6, fig. 3; Milne-Ed-
wards, Hist. Nat. Crust, iii, 561. Baird, Mouog. Family Apodida;, Proc. Zool. Soc.

London, Pt. XX, 3, 1852. Clypeo corporis vix dimidiam partem tegente, quadrato,
membranaceo, nigrescente ; ramo externo pedum primi paris longissimo, totum cor-

pus, lilanientis caudalibus inclusis, excedente.

Hal).—In Insula " St. Vincents," India Occidentali ; Eev. Lansdowne
Guilding.
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Mr. Thompson, in his Zoological Eesearches, remarks :
'' I received

this species of Apus together with the Artemia Griiildingii from the West
Indies, and having as yet no details must leave its history in the hands
of its distinguished discoverer. It is of a light blackish color, the clyi:)eu8

translucent, almost membranous, and shorter in proportion than in any
of the known species, with the extreme branch of the anterior member
extremely long." Unfortunately we have no further history of this

species from its discoverer, the Eev. Lansdowne Guilding, but the short
square-shaped carapace and the extreme length of the external branch
of the first pair of feet sufficiently distinguish it.

We add the following description of an Asiatic species, briefly de-

scribed by us in 1871.

Apus hemalayanus Packard.

Plate XVI, figs. 5, 5o.

Apus Mmalayanus Pack. Amer. Journ. Sc. 1871.

Several females.—Carapace two-thirds as long as the body, with from.

14 to 16 teeth on each side of the sinus on the hind edge, the last tooth
on the extreme end of the shield being more prominent than usual.

Eyes and post-ocular tubercle small, as in A. cancriformis ; mandibular
muscular eminence behind also as in A. cancriformis ; frontal doublure,
hypostoma, and appendages as in A. cancriformis. The 1st pair of feet

closely resemble those of A. neivberryi in the form of the long knife-like

scale, as well as in the form of the gill and accessory gill (flabellum)

;

the length of the 5th endite of the first pair of feet is 19"""., and it is

composed offrom 72 to 80 subjoints, while A. cancriformis has about 50, and
A. aqualis 42. Diameter of the ovisac is nearly 4""" (.15 inch). There
are the same number of spines on the abdominal segments as in A. can-

criformis, and the spines on the telson have the same arrangement,
there l^eing on the upper side four spines at the insertion of the stylets,

the 4th being minute; a single spine on the hind edge projecting over
the sinus in the middle of the hind edge, which is deeper and narrower
than in A. cancriformis; there is also a minute spine on each side of the
sinus as in A. cancriformis, and two minute spmes at the bottom of the
sinus. Near the base of the telson, on each side, is an oval depression,
with the posterior side raised and bearing three teeth, just as in A. can-

criformis. The telson, however, is considerably longer than in A. can-

criformis, being two-thirds as long as wide, while in the latter it is only
one-half as long. On the under side of the telson the hind edge is

rather more deeply incised than in A. cancriformis, and the edge is much
more spiny, there being about 7 spines on each side.

The cercopoda or caudal spines are finely spinulated, almost hairy, as

in A. cancriformis, in this respect differing from all the American species.

Total length of body, 25"^".

Greatest length of carapace, 16""".

Of the keel, 11"^-".

Distance from anterior end o£ the keel to the front edge of the head,

Length of abdomen beyond the hind edge of carapace, 9""".

Length of caudal appendages, 28""".

Number of segments beyond the hind edge of the carapace, 19 (in A,
cancriformis, 14).

Number of segments behind the last pair of limbs, 7 (in A. cancri-

formiSj 6).
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This species belongs to the third division of the genus, of which the
European cancriformis is a type, having the small eyes, and small post-
ocular tubercle, while the telson is marked in the same manner, and
the caudal appendages are finely spinulose, or hairy, as in no American
species. The 2d pair of feet are, however, very much like those of A.
newberryij in the form of the long cultriforra scale, or 6th endite, and in
the form of the gill and its flabellum, as well as the size of the carapace.

"Collected from a stagnant pool in a jungle, four days after a shower
of rain had fallen. For five months previous to this rain there had been
no rain upon the earth. Himalaya Mountains, North India, near where
the Sutlege Eiver debouches into the ])lains. April, 1870." Museum of
Comparative Zoology, Cambridge. This is, evidently, a high- plateau
species, and a member of the Central Asiatic rather than Oriental
fauna.
Apus duldanus Day (Proc. Zool. Soc. London, p. 392, 1880) differs from

AJiimalayanus in the shorter carapace and much longer abdomen, which
has 24 segments beyond the hinder end of tbe carapace, while in hima-
layanus there are 17. In the Himalayan species, also, the oth and Gth
endites of the 1st pair of legs are much longer anct the caudal append-
ages are much longer. A. duJdanus was discovered by Dr. Duke in
Afghanistan, in a pond near Kelat, in April, 1877.

Family BRANCHIPODID^ Baird.

BrancMpoda Leach, Diet, des Sc. Nat. xiv. 1816.

BranGhipiens Milne-Edwards, Hist. Nat. des Crust, iii, 364, 1840.

BrancMpuaidfM'BsiS^dL. Traus. Berwick Nat. Club, 184.5.

Branchijjodidw Fischer. Middendorf's Reise, ii, 149, 1851.

Branchipodidce Baird, Pxoc. Zool. Soc. London, 1852. Ann. and Mag. Nat. Hisf. XIV,
216, 1854.

Branehipidm 'QnrvaiAstidv, Organiz. of Trilohites, Roy. Soc. edit. 34.

BrancMpidce Vorrill, Proc. Amer Assoc. Ad. Sc. July, 1870.

Branchipodidce Pacliard. Report of Haydeu's U. S. Geol. Surv. Terr, for 1873, 6^0. 1874.

Gerstaecker, Bronn's Class, u Ord. Thierreichs, V, 1034. 1866-'79.

Body soft, delicate, without a carapace; head small; the eyes stalked;
a distinct median ocellus ; 1st antennae filiform ; 2d antennae stout in

the males, forming clasping organs; frontal appendages often present;
11 pairs of feet (19 in Polyartemia), which are without a gnathobase
or coxal lobe; the other lobes (endites), especially the 5th and 6th,

broad and foliaceous, with a gill and simple rounded flabellum. First
and 2d uromeres with a penis in the male or an ovisac in the female. A
specialized abdomen, with 8 to 9 segments not bearing appendages.
Terminal segment bearing a pair of filamental not-jointed setose append-
ages. Larva a nauplius.

Subfamily 1. BRANCHIPODIN.^ Packard.

Eleven pairs (in Polyartemia 19) of feet, with the outer endites mod-
erately broad. Abdomen slender, cylindrical; terminal abdominal seg-

ment with two filamental setose caudal appendages.

Synopsis of the genera.

a. ISTo frontal appendages.
Abdomen with eight segments ; male claspers with 2d joint flat, trian-

gular ; ovisac short Artemia
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Abdomen with nine segments ; male claspers simple, cylindrical ; ovisac
long, slender Branchinecta

b. Frontal appendages present.

Frontal appendages ribbon-like, or broad triangular 5 2d joint of male
claspers chitinous, simple, bent at tip Branchipus

Second joint of male claspers long, tortuous, and forked irregularly;

ovisac long and slender. Streptocephalus

Frontal appendages long and variously lobed or spinulose ; ovisac short
and broad Chirocephalus

Genus AETEMIA Leach.

Plates VIII, XXII, XXIII.

Cancer Linnaeus, Systema Nat. ed. 12, i, pars. 2, 1058.

Apus Schaeffer, Monogr. fig. 1, 12, 1754.

JBrancMopoda Lamarck, System, des Auim. sans vert. 161. 1801.

Branchiopoda Latreille, Gen. Crnst. et Insect, i, 22, 1806.

Eidimme Latreille (pre-occiipied), * 1817.

Artemia Leach, Diet, des Sc. Nat. xiv; 1819.

Body very slender, with eleven pairs of feet; the head rather smaller
in proportion than in the other genera of the family ; the male claspers
(2d antennse) very large, thin, and broad; 2-jointed, the 2d joint bent
at nearly right angles upon the 1st, the latter thick, about twice as long
as thick, a deep rounded sinus between the bases of the claspers ex-
actlj^ fitted so as during connection with the female to enclose her back.
Near the middle, on the inner side of the 1st joint, a knob-like projection.
The 2d joint simi)le, broad, flat, acutely triangular, from J to f as broad
as long. The legs beyond the 5th eiidite rather slenderer and more
pointed than in the other genera. The gill is moderately large, about
half as wide as long ; the flabellum broad and rounded, the edge serrate
and setose as usual. The 1st endite divided into two lobes, the 2d of
which is about ^- as long as the 1st; endites 2-4 are minute, conical;
the 5th is moderately large and rounded on the outer angle, with large,
coarse setae, the distal edge oblique and somewhat full and rounded

;

the Cth is narrow, long, and more ])roduced and acutely pointed than
usual, much more so than in Branchinecta or any other genus of the
family, while the setae are much longer than in Branchinecta.
Abdomen eight-jointed, very slender, ending in a pair of unusually

short, small cercopods (caudal api)endages) not more than twice as long as
broad, being less than half as long as in Branchinecta, and less than half
as long as the terminal segment. The male genital deeply cleft, each
half long and slender, more so than in Branchipus, but somewhat as in
Branchinecta, though shorter and less curved. Ovisac of the female
rudely bottle shaped, shorter and broader than in any of the other
genera, with a short, broad "neck" or opening.
Eemarls.—This genus is in some respects simpler than Branchinecta,

or any other genus of the family, and differs decidedly from any other
genus, not only in the small size of the body, but also in the broad, flat,

triangular 2d joint of the male claspers, as well as in the much smaller,
shorter caudal appendages, and the long, narrow, acute distal or 6th
endites, which render the legs rather long and slender. The ovisac is

also shorter and broader than usual.

*Accordiug to Dr. Baird (Monograph of the Family Branchipodidse, etc., in Annals
and Mag. Nat. History, siv, 216, 1854) the genus Eulimine Latreille, 1817, was based
on specimens of A. saliva, which were badly preserved and erroneously described.
That name was, however, pre-occupied among Acalephs, see Verrill, Observations, etc.
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Compared with the other genera, this upon the whole stands at the

base of the family, though the male claspers are a little more compli-

cated than ill Brancliinecta. Considering the fresh-water forms by them-

selves, Brancldnecta is, without much doubt, the lowest or simplest in

structure. As seems most probable from the experiments of Schman-
kevitch, Artemia is a modification of BrancMnecta, and is a depaux^er-

ated form, smaller in size, with less developed caudal appendages, due
to perhaps less favorable means of obtaining food in its brine than the

fresh-water forms. Hereafter, then, in diagnosing the other genera we
will take BrancMnecta as the simpler form, affording us a truer stand-

ard of comparison than the less normal Artemia.
The Siberiau fresh-water genus Polyartemia of Dr. S. Fischer* is re-

markable for possessing 19 pairs of feet ; the tail is short, the ovisac

quite volumiuoas ; the male claspers are broad, flat, and consist of two
branches, one covering the other ; the front of the head is prolonged
into a broad, very thin tentacle-like organ ; in other respects it agrees

with the genus Branchipus. Polyartemia forcipata Fischer was found
by Middeudorf in pools on the Tundra, near the rivers Taimyr and Bo-
ganida, and also in Lapland, near the Tri-Ostrowa.

Aetemia gracilis Verrill.

Plates VIII, XXII, figs. 1, 2, 2a, 21 ; XXIIL

Artemia gracilis Verrill, Amer. Journ. Sc. 2d Ser. xlviii, 248, Sept. 1869. Proc, Amer.
Assoc. Adv. Sc. July, 1870.

Artemia monica Verrill, Amer. Journ. Sc. 2d Ser. xlviii, 249, Sept. 1869. Proc. Amer.
Assoc. Adv. Sc. July, 1870.

Artemia fertilis Verrill, Amer. Journ. Sc. xlviii, p. 430, Nov. 1869. Proc. Amer. Assoc.

Adv. Sc. July, 1870.

Artemia utahensis Lockington,t Month. Micr. Journ. 137, Marcli, 1876.

This species is characterized by the slender body, its small head and
small eye-stalks and eyes. The male claspers are rather slender, the

2d joint varying with age and
in different individuals frOm the
same locality; it is unusuallj'"

broadly triangular and from

r. .c-..-r-, A • one-half to two-thirds as wide
Fig. 17. Artemia gracilis, from Great Salt Lake. A pair - , ^i , „

swimmins, the male clasping its mate with the claspers aS JOUg
; at tUe OUtCr aUgJC IS

(OJnfront of the ovisac (e) ;
enlarged about 3 times. Also alargC angularproieCtiOU, while

a view from beneath of the male claspers (c) and the ovisac o p ^ , "^ • ^ i i

(e) still more enlarged. Emerton del. the apeX IS aCUtely pOlUtCd and
slightly excurved (PL- VIII, fig. 1). The frontal knobs on the inside of

the 1st or basal joint are small, rounded, button-like. The ocellus is

black, trilobate. The legs are long- and slender; the 6th endite narrow,

long, and acutely triangular; the 5th eudites full and rounded. The
abdomen is slender, and the cercopoda very short, usually scarcely as

long as one-half the width of the terminal segment of the abdomen.
In color either whitish, flesh-colored, often deep red, sometimes green-

ish, with black eyes.

Length of male, 8-10""^ ; female, 10-12°^°?.

For the reasons stated beyond I am disposed to unite Yerrill's A. mo-

nica and A. fertilis with his first described form, A. gracilis, as I do not

regard the difference he points out as more than individual
;
probably

"

* Middeudorf's Sibiiisclie Reise, Bd. II, Tbl. 1, 154, 1851.

tFrom Great Salt Lake, with a brief description.
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they are not varietal. It appears, then, that we have but one North
American species of Artemia so far as yet known.
Upon comparing our s])ecies with the European it is difficult to find

good differential characters, as the portions of the body where specific

differences would be expected to occur are liable to considerable varia-

tion. Upon comparing a number of females from Great Salt Lake
with a number of females of the maleless generation from Trieste, Aus-
tria, received from Professor Siebold, there are really no differences of
importance ; our A. gracilis (Verrili's/er-

tilis) is slighter, with a smaller head, and
perhaps the 2d antennne are a little

slighter in build; I see no essential differ- _
ence in the form of the ovisac, while the nix~-~---
shape of the legs, especially the 6th eu-

dites, is essentially the same. The length P^^"

of females (as well as males) is the same
in both species.

Upon comparing a good many males
from Great Salt Lake with several, both
stained with carmine and unstaiued, re-

ceived from Cagliari, Sardinia, throug'^h

Prof. J. McLeod, of Ghent, the European
A. salina is seen to be considerably
stouter, the head wider, the eye-stalks

longer and larger, and the eyes larger;

the frontal button-like processes of the
first joint of the claspers are nearly twice
as large as in the American species, and
a little more pointed, while the claspers
themselves are larger and stouter. The
legs and sixth endites are of about the
same form. The most apparent differ- tig. is.—Artemia gracilis, from Kew
ence is in the caudal appendages or cer- StlfV^^i^i^" '^"e? a'nfTst anSi
COpods, which in A. salina are several a?i«', 2d antennse;md, mandibles,- ma;, max-
j.- 1 j_i -A -T -u • illas; pes, foot; o, ovisac.
times larger than m A. ^ra.c^M,9, being m
the Sardinian specimens nearly three times as long and much larger
than in our species. In this respect the genus shows a close affinity

to Brancliinecta. However, in a lot of A. salina 9 from Trieste, the cer-

copods are very much shorter than in the Sardinian females, and only
a little longer than in our American specimens. These appendages do
not differ in the two sexes.

As regards the genus in Europe, several nominal species have been
described, but it seems probable that but one occurs there. As stated
by Yerrill in his " Observations on Phyllopod Crustacea," in a foot-note,

owing to differences in the development of the caudal lobes and set«,

"several nominal European species, established mainly on differences

in the caudal lobes and setse, are probably only the young of others, or
all perhaps of A. salina, especially since those with small, caudal lobes
and few or no setse, are described as small

;
' as for example A.milhausenii,

A. arietina, and A. Mppeniana (Fischer species)."

Verrill's types of A. monica I have not examined, but have certainly

found specimens at Great Salt Lake which agree with his description,

and especially his figures of the head and male claspers.

Variations in Artemia fertilisfrom Salt LaJce.—With specimens of the
sexually mature males from Great Salt Lake the description of Yerrill

agrees weU, the claspers being very broad, the second joint being as
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wide as two-thirds its length. The outer angle or elbow varies greatly,
in some individuals not being noticeably produced, and with the outer
edge nearly straight, while in others the angle is remarkably produced
and the outer edge is much excavated. In one specimen, 7"'° in length,
the claspers are one-half as wide as in another, but with the elbow still

produced. In another male, 7™"' in length, selected from fifty more or
less normal individuals, the elbow is enormously produced, and the
claspers are small, long, narrow, and acute. In sixty other males the
elbow is a good deal produced, while the claspers are broad and triangu-
lar. These specimens were collected at Lake Point from the wharf, July
26, 1875, the temi^erature of the water under the wharf in the shade
being 73° F. The females bore about 23-24 eggs in their ovisacs.

Sixty red-colored males from a hot, shallow brine pool at Farming-
ton, late in July, the temperature of the water ijrobably not less than
80° Fahr., were examined. Of these, one male, 5.5™'" in length, had
claspers which were even smaller and narrower than in a smaller indi-

vidual, 4.5™™ in length, showing an unequal degree of growth, being
perhaps an example of retarded development of a secondarj'^ sexual
character. A stronger example is seen m two individuals of the same
length (5.5'™") ; one was very immature, the head being smaller than in

the other, the claspers unusually small and narrow, the genital append-
ages smaller, and the caudal appendages one-half as long as in the
other; in the second examjile the head is large and the claspers fully

three times as broad as those of the first individual, being three-quar-
ters as broad as the si)ace between the eyes, while the caudal append-
ages were twice as long as thick, longer than those of A. gracilis, as
figured by Verrill. This difference in two specimens so neai-lj^ of a size

shows that the sexual characters are suddenly acquired. ISTo young
were observed less than 3"'™ long.

Identity of A. fertilis, A. gracilis, and A. monica.—On comparing 30
males of J,, gracilis fromjSTew Haven the claspers in small specimens look
like Verrill's figure of those of A. gracilis; in large specimens like that
of his figure of A. monica, the claspers increase in width with age. In
two specimens of the same size and probably age, one has very narrow
claspers, as in Verrill's figure of gracilis, in another the claspers are
broader than in his figure of A. fertilis. In half-grown males the claspers
are narrow, as in Verrill's figure of A. gracilis. The forms of the caudal
appendages vary with age.
On comparing a few days after, to be sure that I had made no mis-

take, 200 males of A.fertilis with males of A. gracilis, I could find abso-
lutely no essential specific or varietal differences between these so-called
Sj)ecies.

On examining 45 females of A. gracilis from JS'ew Haven, and com-
paring them with a number of Salt Lake females, no differences could
be observed. Comparing with care a large female from Utah (Great
Salt Lake) with one from JSTew Haven of the same size, there was also-

the same proportion of parts. The ej'es were of the same size, the eye
stalks of the same length; the first and second, the latter especially,

had the same proportion. The feet and endites were the same, and
the length of abdomen the same, though this region A'aries, as it

irregularly contracts in alcohol. The egg-sacs in the New Haven ex-

ample are a little longer and with a more acute lateral angle than in
Utah examples, but this dejjeuds on age, and these differences disa])pear
in those which are of the same size and degree of sexual maturity, and
in which the eggs are similarly developed. The caudal appendages in

the Salt Lake example (which was 12.5™'" in length) are nearly but
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not quite so long as in IsTew Haven ones, but there are not even varietal

differences in the two examples. From these comparisons it may be
inferred that the two species should be united.

On comparing a number of Salt Lake females with individuals of the
same sex of the European Artemia salina, our species was fouud to be
undoubtedly specifically distinct; the Utah sijecimens are slenderer,

smaller, and the sixth endite of all the feet considerably slenderer

and longer in i^roportion than in A. salina. The ovisacs were of the
same proportion bat slenderer, and the head is slighter and smaller in

our American species.

Habits of Artemia fertiUs at Great Salt Lal-e, Utah.—The food of the
Artemia ai)pears to be the smaller fragments of brownish algas which
abound in the water, especially Polycistis PaeJcardii of Farlow.* The
cells of this alga are filled with molecules of protoplasm. The contents
of the alimentary canal of alcoholic specimens of Artemia is a darkish
mass, which, on being examined under a ^ Tolles objective, shows the
same granulated protoplasmic mass as that to be found iu the lobules

of the alga, leaving little doubt in my mind that the partly digested
substance iu the digestive canal of the Artemia is the alga.

At Farmington, on the shores of the lake, where there are old brine
pools, filled with strong brine, the shallow water was crowded with
ArtemixB. The water was very warm, and the ArtemicE were deep red
iu color, though some red ones were collected in the lake itself. They
were afterwards observed at Lake Point July 26, 1875. The tempera-
ture of the water in the shade at the end of the wharf was 73° F. at the
surface, and also at the bottom at a depth of eight feet; the temperature
of the air was 80° F. at 11 a. m.
Out of a large number observed, from 500 to 800 indivitluals, but

very few were half grown, some being from i to ^ inch long. Few soli-

tary males were seen, as the large majority were attached by their

claspers to the females in the attitude shown in fig. 17. The females
far outnumbered the males, as certainly over half of them had no males
attached.
The egg sacs and eggs were in different stages of development. I

could see no attemj^ts at copulation, unless in one instance, where a
male violently jerked his body ; but that was perhaps simply to obtain
a stronger hold with his claspers around the body of the female, the
claspers being placed just in front of the ovisac.

The eggs are light, floating on the surface of the water. They are
dull, dirty, yellowish white.
The nauplius (PL XXII, fig. 1) is blood-red, with a single sapphire-red

eye, and it is very active.

Four sets of Artemice were observed

:

A. Some, both males and females, entirely green.
B. Most of the females were red in front of the abdomen, the red

being caused by scattered ingment cells. The males attached to them
were greenish.

C. Some red males attached to green females.
D. The largest females entirely deep blood-red, with distended

ovisacs, but containing no eggs.
There must be numerous sterile or parthenogenous females. There

is a great disproportion in the numbers of the sexes. The males are
stronger swimmers than the females, darting at certain individuals and
then leaving them to go after others, as if exercising some choice.

* American Naturalist, Nov., 1879, p. 702.
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Some males were attached to females much larger than themselves. I
was told that the Arfemia appears iu the spring, from the middle of
Apiil to May 1, and disappears during very cold weather in autumn.

Artemia Guildingii Thompson.

Artemia Guildingii Tlaompson. Species haec, reperta in India Occidentali, delineata
est a Domino Thompson in 'Zoological researches' sed non descripta, necnon
satis acourata delineata est.

Artemi Guildingi, Thompson Zool. Research, Fasc, 5, t. p. 11.

Hah.—In insula "St. Vincents," in India Occidentali; Rev. L. Guild-
ing.

"This species is figured by Mr. Thompson, but not sufficiently

described to enable me to give a good diagnosis of it. It was found at St.

Vincents, in the West Indies, by the Rev. Lansdowne Guilding, by whom
its natural history was intended to have been more fully detailed. The
body seems to be thick and the abdomen shorter than the body and
stout; the caudal segment does not appear to be lobed nor setigerous.

The cephalic segment is conical in shape, and the superior antennai,
according to Mr. Thompson's figure, consist each of four joints. The
ovarian sac consists, according to the same authority, of two articula-

tions." (Baird's Monograph of the Family Branclii^odidce. Annals and
Mag. Nat. Hist. 2d ser. xiv, 1854, p. 226).

Genus BRAl^CHINECTA Verrill.

Plates IX, X.

Brancliipus Milne-Edwards, etc. (in part).
Branckinecta Verrill, Amer. Journ. Sci. 2d ser. xlviii, 250. Sept. 1869.

Proc. Amer. Assoc. Adv. Sc. .July, 1870.

Body rather long and slender, but stouter than in Artemia; head
ra^ther small, but larger than in Artemia; 2d antennte of male (claspers)

with a knob on the basal joint as in Artemia; the claspers simple, quite

persistent in form iu the different species, not elbowed, 2-jointed, with
joints cylindrical ; 1st joint slightly bent ; the 2d joint not bent on the
first, round, and about one-half as thick as the basal joint. The 2d an-

tennse of the temale are rather long and slender. Labrum large and
long, extended beyond the closed mandibles ; the end is square, with a
nipple-like projection in the middle. Eleven pairs of legs, which are

shorter and broader than in Artemia. The gills are usually larger, the
flabella moderately large, and quite regularly oval externally; the 1st

endite and the three following are much as in Artemia., but the first

is not so distinctly divided distally into a secondary lobe. The 5th
is decidedly rectangular in outline, the distal edge being straight, some-
times hollowed out, with rather shorter setaj than in Artemia; the 6th
endite in all the legs is much shorter than in Artemia^ being short and
broad and well rounded at the end, with rather short setse.

The abdomen has nine segments, and is as long or a little longer
than the head and thorax together; the cercopoda are much longer than
in Artemia^ and equal in length to the terminal segment, which is much
shorter than in Artemia; compared with Brancliipus and succeed-

ing genera they are small, short, and conical. The penis is deeply
divided into two long slender curved branches. The ovisac is cylin-

drical and remarkably long and slender; in B. coloradensis nearly half

as long as the abdomen, and deeply cleit at the end.
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This genus stands in simplicity of structure next above Artemia^ being-

related to it by its short cercopoda or caudal appendages, and the simple
male claspers, with the knob-like projection at the base of each. It is

less complicated than in Braneliipus, and in his valuable paper on this

group I hardly understand why Professor Verrill should have interposed
BranckijniSyliis JEuhrancMpus, iStreptocephalus, and Chirocephalus between
Artemia and the present genus, as the genera in the order we place them
in this essay present successive degrees of complexity from Arteinia to
Chirocephalus and Thamnocephahis. The Southern European BrancJii-

pus spinosus Nordman, from a salt lake at Odessa, appears to us, on ex-

amination of a number of specimens received from Professor Siebold, to
belong to this genus, contrary to Verrill's opinion, who referred it to his

genus JEuhranchipus. In this species the knob-like processes of the
male claspers are present; the male claspers also are much as in B.
coloradensis, but much slenderer ; the caudal ai)pendages are short and
small, as in our American species of Branchinecta, but the ovisacs are
rather shorter than in any American and Arctic species, though still

longer than in Branchipus. The genus is certainly a good one, and easily

distinguishable. It is especially interesting to indicate the close aftin-

ities of this genus to Artemia, for it is Branchinecta ferox (Fischer sp.)

which Schmankevitch found to transform by artificial means into Arte-
mia, and the characters ot Branchinecta are such as we might believe a
well-fed Artemia subjected also to water of suitable temperature and
freshness might suddenly acquire. The fact, however, that the two
genera may be artificially produced does not militate against the natural-
ness of the two genera, Artemia and Branchinectes, since we can i)oint

to three American and Arctic species of Branchinecta which preserve
their generic identity.

As suggested by Verrill, Milne-Edwards' Branchipus ferox (Edwaidn^
Crustaces, iii, 369), from fresh water near Odessa, most x>robably belongs
to this genus. Milne-Edwards thus characterizes it: " Cornes cepha-
liques sans appendice pres du cote interne de leur base, pointues an
bout et sans dent sur le bord externe. Abdomen lisse, nageoires can-
dales longues et etroites." It has been rediscovered in 1872 in salt

pools near Odessa by Schmankevitch. Verrill also states that Bran-
chipus midclendorffiana Fischer, of Siberia and Lapland, may be a Bran-
chinecta, and,judging by Fischer's figures of the male clasper, the ovisac,
and the cercopoda, it is without much doubt a genuine Branchinecta. By
Grube and Dybowski it is regarded as a synonym of B. paludosa. It
inhabits Siberia, having been collected by Middendorf near the rivers
Taimyr and Boganida, as also in Lapland near Tri-Ostrowa, while it was
also collected by the Ural Expedition. Hence the species of the genus
Branchinecta range from the Arctic regions to Southern Eussia in Eu-
rope, and to the higher portions of the Eocky Mountain plateau of Colo-
rado in North America, as well as the plains of Kansas, the genus, with
the exception of the two species living at Odessa, and B. UndahU, of
Kansas, being inhabitants of Arctic and Alpine regions.

Synopsis of the species.

Male claspers pointed, not turned in, serrated inside of 2d joint; no
knob B. paludosa.

Male claspers large, end broad and bent in, with no teeth; knob
present „ B. coloradensis.

Male claspers short; caudal appendages very long B. lindaliU.
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Branchinecta paludosa (Miiller).

Plate IX, figs. 1-6 ; PI. X, figs. 1-5.

Cancel- staqnalis O. Fabr., Fauna Groen. (non Linn, et Miill. Prodr.), 247, 1780.

Cancer paiudosus Herbst, Naturgeschichte der Krabben. Bd. II, p. 118.

Branchipus palwdosus, Miiller, Zool. Danica, ii, 10, PL 48, figs. 1-8, 1788-1806.
Branchiiriis paludoHus ^einhaxiit, Bidrag til eu Beskrivclse af Groenlaud, 18.57; Pack-

arcl, Glacial Phenomena of Maine and Labrador, etc. Memoirs Boston Soc.
Nat. Hist, i, 295, 1867.

Branchipiis (Branchinecta) groenlandicus Verrill, Amer. Jour. So. 2d ser. xlviii,' 253,
Sept. 1869.

Branchinecta groenlandica Verrill, Proc. Amer. Assoc. Adv. Sc, July, 1870.

Branchinecta paiudosus Verrill in part (B. arctica regarded as distinct).

BrancMpus middendorjianus Fiscber,* Middendorff's Sibiriscbe Eeisen. Bd. II, p. 153.

Body moderately large. Male claspers mucli shorter and slighter than
in jB. coloradensis^ not reaching far beyond the middle of the thorax,
basal joint more bent than in the other species, but of the same propor-
tionate length, though without any knobs (also absent in immature
males of B. coloradensis) ; the distal half of the inner edge with a row
of fine teeth, the points ending in fine setse. 2d joint *ery slender,

narrowing gradually to the tip, which is one-half as wide and not bent
in or slightly expanded as in B. eoloradensis ; 2d antennae of the female
narrow and slight, at the tip suddenly contracting and ending in a mu-
cronate tip.

The feet are short and broad ; the 5th endites, straight on the outer
edge, with the outer angle rectangular, while the 6th endites are short
and broad; the setse, especially at the distal angle, are rather coarser
and shorter than in B. coloradensis.

Caudal appendages small, narrow, scarcely longer than the terminal
joint. The ovisac is oval-cylindrical, rather long, the lobes j)ointed at

the end; only one-half as long as the abdomen.
Length of body of male, 15™"'; length of clasper, 4™™; 2d joint, 1.5;

cercopoda, 1"™.

Length of body of female, 12"""; of ovisac, 4"™.

The foregoing description was drawn up from an individual selected
from a collection of about 80 made by Dr. Emil Bessels, at Polaris Bay,
IS'orthern Greenland, August 1, 1872.*

On carefully re-examining, after the lapse of over fifteen years, a por-

tion of the material originally collected at Labrador, and comparing a
male and three temales (labeled Br. arctica by Verrill) with the abundant
material collected by Dr. Bessels, in Northern Greenland, I am unable
to find any specific differences between them. The Greenland examples
are smaller and less mature than the Labrador ones. I find that they
possess the same characters as those which separate the species from
B. coloradensis^ and which occur in the Greenland B. paiudosus. There
are the same ijroportions in the male claspers, the knob-like processes
on the basal joints are also wanting, the row of teeth on the distal half

of the joint are of the same size. Owing to the greater size of the
specimens the male claspers are a little larger, but the 2d joint has the
same proportions, being narrow, not widening at the tips, which also is

not incurved. The ovisac is of the same length and form. The penis
is of the same form, and with a similar x)rong-like process projecting

* Considered by Grube and also DybowsM as a synonym of B. paiudosus. See
Arcbiv fiir NaturgescMcbte, XXVI, i, p. 201.

* I have been kindly permitted by Dr. Bessels to use this material in this connection,
and also the excellent drawiligs by Mr. Emerton, which were made originally for a
report on the Natural History of the P.olaris Expedition.
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inward near tlie base of each branch or fork. The caudal stylets are a
little longer than in the Greenland examples, but this is probably due
to the more mature development of the specimens.
Length of male, 19"""; length of claspers, 5'"""; length of 2d joint, 2"'"'.

Length of cercopoda or caudal appendages, 1.5""".

Length of female, 18""^; length' of ovisac, 5"™.

Although predisposed to think that Professor Verrill* had found good
reasons for separating- the Labrador from the Greenland individuals under
a distinct specific name, though I originally had examples of the Green-
land B.paludosus from Dr. Liitken, of the Copenhagen Museum, for

comparison, I have carefully re examined them for any specific charac-
ters that I might have overlooked. 1 see no dili'erences in the ap})end-
ages, the 5th and 6th endites especially not differing in any essential

point, as will be seen by the numerous figures on Plates IX and X,
the apparent discrepancies in the drawings being due to different

'stages of preservation. There is a slight dilierence in the tips of the
male claspers, which are a little blunter in the Labrador than in the
Greenland examples, but this may be on account of the smaller size and
less degree of maturity of the Greenland examples. I have not at hand
the larger Greenland examples originally received from Greenland
through Mr. Liitken. The Labrador examples were taken August 7,

1864, in a small pool of water in a depression in the rocks on a point of
land projecting into the water at "Indian Tickle,-' on the north side of
Hamilton or Invuctoke Inlet, Northern Greenland ; and others were seen
at Tub Island, on the south side of the entrance of the bay, August 10.

We add the following account by Baird of what seems to be without
much doubt B. paludosus, and which shows that it inhabits Arctic
America in latitude 68° 15' N., longitude 113° 50', of Greenwich

:

"Some fragments of a species of Branchipoda were brought by Sir

John Eichardson from Cape Krusenstern, in North America, collected

there by Mr. John Eae in August, 1849, along with the Apus glacialis.

They consist of portions of two males and two females. The male an-

tennae are two-jointed ; the basal joint is thick, and has at its lower part,

near its junction with the second, a row of small teeth ; the second joint

is cylindrical and pointed. The female horns or antennae are flat, ap-
])arently, and have a short hooked spine at the extremity. The caudal
fins are rather long, and fringed with long cilia. In some respects this

species resembles the figure of t\iQ Cancer paludosiis pi Muller, but the
fragments are too much decayed in the spirits to enable me further to
describe it. It does not appear to have either antenniform apijendages
or any apparatus attached to the antennae of the male.
Should these three species prove to be distinct they may form an-

other genus of this family, characterized by the want of these append-
ages and the toothed or serrated basal joint of the male cephalic horns."
Under the name of Branchipus {Branchinecta) arcticus, Mr. E. J. Miers

notices this species in the Annals and Mag. Nat. Hist., ser. 4, vol. xx,

p. 105, PI. IV, fig. 1. His figure is a very indifferent one, and he erro-

neously represents the ovisac as double. Discovery Bay is in latitude 81^
41' N., longitude 64° 45' W. We reproduce his description and remarks

:

"Coll. Hart : Discovery Bay, in a small fresh-water lake and in a stream
under ice. Several specimens were "collected, including males and
females, of a species of PhyJlopoda, which I refer to the B. arctlcus of

Verrill. Of these species I have only seen the descriptions in the jour-

nals above quoted, not having been able to meet with Verrill's full re-

* Prof. Verrill writes me that he has since (Ainer. Jour. Sc.) decided that his B,
groenlandica is identical with B. paludona.

22 H
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port on the American Phyllopoda in the volume for 1869 of the Ameri-
can Association for the Adyancemeut of Sciences and Arts. These
specimens possess the elongated claspers, with serrated basal joints,

and elongated egg pouches of the species of Branchinecta, and are dis-

tinguished from the Brcmchipus paludosus of Miiller, also from Green-
land, (if his figure in the Zool. Danica, PI. 48, be correct) by the much
shorter lanceolate caudal appendages. In B. paliidosa these are repre-
sented as very slender, acuminate, and half as long as the abdomen.

''These specimens differ slightly from the descriptions of B. arcticus

and groenlandicus, as will appear from the following description. If
distinct (which may be possible, although 1 think it more probable that
the three forms are varieties of one and the same species), the species
may be designated B. YerrilU. The antennse are slender, linear, and
nearly as long as the basal joint of the claspers. The large prehensile
antennae, or 'claspers,' as they are called by Yerrill, are nearly half
as long as the body, two-jointed, the basal joint as long as the second,
nearly straight, and of the same thickness throughout, with a not very
prominent rounded lobe at the distal extremity on the inner side. This,
and the distal half of the inner margin, armed with a series of ten or a
dozen small teeth or spines. The second joint is smooth, slightly taper-
ing to its distal extremity and concave on its inner surface. The bran-
chial feet are eleven in number, and the lobes on the inner margin are
beautifully fringed with long, close, flexible hairs ; the fifth and sixth
pairs are the longest, and the others decrease regularly in size. The
vesicular body is narrow, oblong-oval; the terminal lobe of the second
joint is regularly oval in shape. The caudal appendages lanceolate,
Kiuall; margins with slender setse, which become longer as they ap-
proach the distal extremity. The specimens are smaller than that col-

lected by Dr. Packard, averaging only 12 millimeters in length.
" VerrilFs specimens of this species were from Labrador, and if, as is

thought possible both by Packard and Verrill, this species be not dis-

tinct from the B. groenlcmdicus and B. coJoradensis, it must have a very
extended geographical range. Specimens of B. fjroenlandicus are men-
tioned by Packard as having been obtained during the late American
expedition of the Polaris at Polaris Bay, between latitudes 81° 20' and
810 50'."

Branchinecta coloradensis Packard.

Plate X, figs. 6, 7.

BrancMnecta coJoradensis Packard, U. S. Geographical and Geol. Survey, Report for
1873, 621, fig. 12. Ie74.

Fig. 19.

—

BrancMnecta coloradensis, male and female, with a vie"W of front of the head, of the male,

showing the claspeis ; all enlarged. Emerton del.

Body considerably larger than in B. paludosa; moderately stout;

head rather large ; ocellus larger than in B. imludosa^ and the eyes also
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rather larger. The claspers of the male are large, thick, and long, ex-

tending to the base of the last pair of feet. The basal joint is provided
with stout prominent tubercles at the base ; the joint itself is nearly
one-fourth longer than the distance between the outstretched eyes. The
second joint is one-half as thick as the first, and as long as the first be-

yond the basal internal knobs ; it is slightly bent near the base, the tips

broad, rounded, and suddenly bent inwards a little. The forks of the
penis are long, slender, suddenly curving outwards, and nearly meeting
at the tips over the median line of the body. The caudal appendages
are rather long and slender, nearly twice as long as the terminal seg-

ment, though shorter than in B. paludosa, and not slightly contracting
near the base as in B. paludosa. Female larger and stouter than in B.
paludosa; the ovisac very long and slender, reaching to a point beyond
the middle of the ])enultimate abdominal segment, and with the lobes
acutely pointed. The 2d antennse are much broader than in B. palu-
dosa, being more triangular and coming more gradually to a mucronate
point than in B. paludosa. In Lfe this species is of different shades,
from deep salmon or flesh color to pale whitish.

Length of body of male, 18""°
5 length of male claspers, 7"""

5 of 2d
joint, 3"""; of caudal appendages, l"".

Length of female, IT""™; length of ovisac, 8"™.

Described from several hundred sjjecimens collected by myself from
a small pond or pool forming the head of a brook above timber line and
near the snow line, about 12,000 feet elevation, near the trail leading to

the summit of Gray's Peak ; it is doubtful if this pond ever dries up, as
I have seen it full in the summers (August) of 1875 and 1878. They
were observed in great abundance August 21, associated with a species

of Daphnia, and swam as usual on their backs; a number were seen
copulating. They thus live under almost exactly the same meteorologi-
cal conditions as B. paludosa in Northern Labrador and Greenland, the
temperature near the snow line in Colorado in August being about the
same as that of Northern Labrador and Greenland in August.
My first published brief description was drawn up from a female speci-

men from a '' pond on a mountain near Twin Lake Creek, Colorado, eleva-

tion 12,500 feet" (Haydeu's Survey of Colorado, 1873, collected by Lieut.
\V. L. Carpenter, TJ. S. A.) ; also from about 100 males and females with
eggs, Colorado, Dr. Viele (Museum Comp. Zoology, Cambridge, no date).

From Mr. V. T. Chambers we have received the following note re-

garding the occurrence of this form in Colorado:

Beauchinecta Coloradensis occurs in countless thousands in a pond fed by melted
snow on top of Weston's Pass, altitude 11,676 feet elevation (Hayden), and a Caddis
larva feeds voraciously upon it.

Beanchinecta lindahli n. sp.

Plate XI, figs. 1, 7.

One male.—Body robust ; 2d antennse or claspers short and stout; 1st

joint of the usual thickness and much as in B. coloradensis, but much
shorter, at least a third; 2d joint as long as the basal, curved, distinctly

triquetal, with the angles prominent; much thicker than in B. colora-

densis, rather blunter at the end than in B. coloradensis, and with the
inner side of the tips larger and more turned in than in B. coloradensis,

giving an entirely different appearance to the joint. Male genital or-

gans much as in the Colorado species, but the caudal appendages some-
what longer, otherwise of the same lorm.

Ticelve females.—Eyes rather large; 2d antennte slightly shorter, less

blunt than in B. coloradensis. Oviduct with the lower lip acutely pro-
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dnced. The caudal appendages are nearly twice as long" as in B. colo-

rdden.sis. The eggs are more numerous (about 50 contained in the ovisac)

and much smaller than those of B. coloradeiisis, being about one-half as

large. The feet are well developed; the 5th endite square and hol-

lowed out a little on the outer edge; the 6th is long and more pointed
than in the other species of Branchiuecta; the gill is large, as is also

the oval broad flabellum.

Male, length of body, 8"""; 2d antennae, 3"""; length of 2d joint, 1^""";

caudal appendages, 1'"".

Female, length of body, 15™'"; ovisac, 4-5™"; caudal appendages,
Oram

This species differs remarkably, especially in the long caudal append-
ages, and in the large pointed 6th endites of the feet; It may ?it

once be distinguished from Branchinecfa coloradensis by the shorter 2d
antennae, the basal joint being one half shorter, and the 2d joint very
short, while the inner projection or spur is much larger and more pointed
than in B. coloradensis, and the caudal appendages are much, larger,

Avhile the ovisac is much shorter than in that species. The eggs are of
the same size as those of B. paludosus.

The specimens occurred in a pool at Wallace, Kansas, in company
with the other Phyllopods from that place.

This species is named in honor of Prof. Joshua Lindahl, of Augustana
College, Rock Island, 111., who collected the specimens examined, witk
many other Phyllopods which he kindly lent me for study.

Genus BEAIl^CHIPUS Schaeffer (in part).

BrancMpus Schaefier (in part), Elementa Entomologica, 1766 (type B. pisciformis ^='? B.
stagnalis Ex. Verrill). La,treille, Regue Animal ; Leach. Milne-Edwards,
Crustac6s, iii, 1364 (iu part), 1840.

Clnrocepliahis Dana (in part), iion B6u6dict-Pr6vost, 1803; Jnrine, Thompson, Baird.
^raHc/(i^MS Verrill, Amer. Journ. Science, xlviii, 250, Sept, 1869.

BrancMpus (and Eubranchipun) Verrill (in part), Proc. Amer. Assoc. Adv. S^., July,
1870.

Body large and very stout; head large; male claspers elbowed, large
and thick, complex, varying much in form; 1st joint very stout and
thick, nearly straight, with a stout inward-pointing spine at base ; 2d
joint varying in form, usually simple and straight, chitinous, bent a
little at the tip. Head of male wiih a pair of frontal appendages hang-
ing down between the male claspers and varying much in form, being
long, slender, filiform, and simple (in B. stagnalis), forming two broad,
flat triangular lobes with crenulated edges (in B. vernalis), or very large
and deeply and finely lobulated [B. grubei). The 11 pairs of feet are
much as in Branchinecia, but usually the 5th endites are larger and
the edge less square than in Branchiuecta, and the 6th endites are
larger and more pointed. The i)enis is large and broad, in B. stagnalis

quite deeply cleft, or [B. vernalis) only slightly so, the cirrus long and
slender. Caudal appendages long and slender, nearly twice as long as
is usually the case iu Branchiuecta \B. lindahli excepted).
Female with the body long, the head large, caudal appendages as in

the male, the ovisac broad and short, bottle-shaped, the opening trans-

verse, at the end of a short neck.
The type of this genus is BrancMpus stagnalis (Linn.) of Europe, and

ill this country it is re[)reseuted by B. veriialis.

As limited by Milne-Edwards, the genus was too comprehensive, be-
ing comijosed of three generic forms, since he included in it B. sj^inosus
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and B. ferox^ which, as we have previously explained, are true BrancJii

nectw, and also ChirocepJialus diaphanus. In 1870 Verrill eliminated his

Branchipus vernalis, described in 1869 under the name Eubranchipus
vernalis, and also remarked that " this genus appears to include Bran-
chipus spinosus Edwards, from a salt lake near Odessa, but the latter

appears to have no tooth at the base of the second joint of the claspers."

Had Professor Verrill had specimens for examination he would un-

doubtedly have seen that this species was a Branehinecta.

I do not see good reasons for separating our common American spe-

cies generically from the common European B. stagnalis and the less

known more recently described species B. grubei. Comparing B. ver-

nalis with B. stagnalis, the frontal lobes of stagnalis are in position ho-

mologous with the much more complicated ones of B. vernalis and the
lobulated, highly complicated ones of B. grubei. In both species the 2d
joint of the claspers is thick, in section triangular, but much slenderer

than the very thick 1st or basal joint.*

The ovisac and penis, as well as the caudal appendages and the gen-

eral form of the body, are the same. B. grubei Dybowsky, which I have
received from Breslau through Professor Siebold, is a genuine Branchi-
pus ; the large, deeply lobulated frontal appendages, a sexual character

peculiar to the males, are only exaggerations of those of B. vernalis.

It has similar stout claspers ; the ovisac of the female differs from the
two other species examined, in being a little longer and slender, but
still it retains the short, broad, bottle-shaped form so characteristic of

the genus, while the cau'dal stylets are the same.
To this genus also undoubtedly belongs Fischer's Branchipus biro-

stratus (see Middendorfs Eeise, p. 152, PI. VII, figs. 12-16, from Char-
kow, Russia). As regards the frontal appendages, this species is inter-

mediate between B. vernalis and B. grubei, as those organs are short,

triangular, but little longer than in B. vernalis, but deeply, acutely

lobed at the end.
The frontal appendages in this genus and in Chirocephalus are possi-

bly the homologues of the knob-like projections near the base of the 2d
antennae of Art^mia and Branehinecta, but the frontal appendages are

situated nearer the base of the 1st joint, and are more dorsal. On the
outer side of each appendage there are transverse lines reaching to the
edge between the tubercles, giving a segmented appearance to the outer
half of the appendage. Under a ToUes' i B eyepiece the tubercles are
seen to be filled with nucleated oval cells like those scattered through
the meshes of the fine Inuscles ^\hich ramify throughout the middle re-

gion of the appendage. The cells are not nerve-cells, and I do not
regard these organs as sensory, but probably auxiliary to the clasi^ers,

and possibly of use in holding the female.

Synopsis of the species.

•

Frontal appendages short, finely lobed ; 2d joint long and
pointed B. vernalis.

Frontal appendages very long, with six long finger-like processes on
each side ; 2d joint of male clasper half as long as in B. vernalis, and
square at tip B. serratus.

* Gerstaecker makes a singular blunder in copying Dybowski's figure in Bronn's
Classen unci Ordnungen der Thierreich, Bd. v, abd. 1, Taf. xxix, figs. 2,4, from Dy-
bowski in Arcliiv. fiir Naturgescbichte xxvi, 1. The male and miiguified head of the
male oi JJraiichrnecta pnludosa from Greenland, correctly figured by Dybowski as such,

are by. Gerstaecker in his exx>lanatiou of Taf. xxix called the female of Branchipus
grubti.
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Branchipus VEENALis Yerrill.

Plates XI, figs. 2-6 ; XXII, figs. 3-6.

BraricMpus stagnalis Gould, Invertebrata of Massaclinsetts, 339, 1841.
Brarwhipus vernalis Verrill, Amer. Jouru. Sc, XLVlII, 251, Sept., 1869.
EubrancMpus vernalis Verrill, Proc. Amer. Assoc. Adv. So., July, 1870.

Body stout, pale flesh-colored with reddish tints, head large ; claspers
with the basal joint very stout, slightly curved, nearly one-half as thick
as long 5 retractile, drawing in with it the base of the 2d joint ; 2d joint
chitinous, rigid, with a long obtuse spur on the inner side at the base,
which is directed inwards at right angles ; beyond this spur the joint
in transverse section triangular, the edges very prominent ; the inner
edge of the joint is hollowed out at the base, while the extremity is bent
outward somewhat like the foot of a sock before it is worn. The inter-

autennal or frontal appendages are broad, triangular, flat (from above
downward), nearly twice as long as broad, acutely pointed; with the
edge finely serrated, the teeth, when highly magnified, being separate.
at base, and bottle-shaped, with one, and sometimes two, rarely three,
" necks" or "points" (PI. XXIi, fig. 5, 5o). The external organ of re-

production (peuis) is stout, massive, not deeply cleft in the middle,
while the cirrus (PI. XXII, fig. 3, c) is miuute, long, and filiform.

The body of the female is as stout and of the same size as in the male

;

the ovisac is not so long as broad, pink, with a prominent, full "neck,"
with a transverse narrow opeuiug for the exit of the eggs ; the lower lip

of the opening is smaller than the upj^er lip.

Male.—Total length ofbody, 23'"" ; of 2d antennae, 8™""
j 2d joint of same,

4.5™™; of penis, 3.5™™
; caudal appendages, 4™™.

Female.—Total length, 23™"" ; length of ovisac, 3-4™™ ; of caudal ai3-

pendages, 4™™.

This species ranges from Salem, Mass., through Ehode Island to Xew
Haven, and southward to Philadelphia (March 27, Mr. W. P. Seal) and
westward to Southern Ohio (Wapakoneta, Ohio, Wm. Kayser), and In-
diana, (received from Irviugton, Ind., Mr. O. P. Hay, Amer. IS at. 1882,
242). In Southern JSTew England it is found from the last of November
until the first week in May, but has not yet been found during the sum-
mer from the middle of May until the middle of Xovember, as will be
seen by the following record of localities and dates of captnre: Salem,
Mass., April 11), 1859\E. H. Wheatland, Essex Institute; ; April 12, 187G,
a few half-grown ones (Packard); Danvers, Mass., Nov. 25, 1878, Decem-
ber and Jau. 10 (John Sears); Brookline, Mass., March 30, 1878 (M. T.
Henshaw); Pawtucket, K.I, March 18, 1880 (H. H. Davison); ISTew-

port, 1:. L, Feb 15, 1877 (Mr. Powell, Mus. Comp. Zool.); Xew Haven
(Dana, Eaton & Verrill); At Seekonk, Mass., they occurred abun-
dantly May 2, in a large pond which comi>letely dried up in summer
{H. C. Bumpus) ; when I visited the pond in comi>any with Mr;. Bum pus,
May 13, none were to be fouiul. It seems from this quite evident that
the animal probably <lies off at the approach of warm weather and does
not reappear until after cool weather sets in late in the autumn, being-
represented in the summer by the eggs alone; and thus the aj^pearance
and disappearance of this Phyllopod is apparently determined mainly
by the temperature.

In life the body is of a pale flesh color, the tips of the penis deep red-
dish-brown, from thence a narrow line widening to the posterior half of
the abdomen. The white setfe on the caudal api)endages and the white
tips of the endites contrast with the deep reddish-brown of the rest of
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tlie posterior half of the abdomen. The tips of the 5th endites are edg^ed
with reddish. Observed iu very large specimens, from Dorchester,
Mass. Jan. 4 to 9, 1882.*

Beanchipus seekatus (Forbes).

EubrancMpus sm-ratus Forbes, Bull. Illinois Mus. Nat. Hist. I. 13, Dec. 1876.

This interesting species is of the size and general appearance of B-
vernalis, but the frontal appendages are twice as large and long, reach-
ing to the end of the first joint of the male claspers. They are broad
and flat; on the middle of the inner and outer edge is an expansion
from which arise six digitiform processes, those on the inner edge being-

shorter and smaller; the appendages each end in a rolled-up slender
tip. Male claspers with the ]st joint short and thick; the 2d
joint much shorter and thicker than in B. vernalis^ being one-half as
long, thicker in proportion, with the end squarely cut off, and triquetal

seen from the end. At the base of the joint is a broad-based stout spur
which points inwards. The caudal api)endages are a little shorter and
less coarsely setose along the edge than in B. vernalis. The genitals

are as in B. vernalis; the ovisac of the female is similar, the opening
being the same, while the eggs are of the same size as in that 8i)ecies.

Total length of male, 15-20"™; length of claspers, 4"""; length of 2d
joint, 2"""

; of caudal appendages in both sexes, 2.5-3'"'" ; total length
of female, 20""'.

"Collected in temporary pools of water at ]S"ormal, Illinois, in April,

1876 ; about a fortnight afterwards it entirely disappeared." "Another
species [specimen] has been sent me by Professor Bundy, by whom itwas
taken in Wisconsin." I am indebted to Prof. S. A. Forbes for a pair of

type specimens of this interesting species, which bears a close resem-
blance to, and thus represents in the United States, Branchipus gruhei

of Europe; it differs, however, from that species in the rather smaller
frontal aj)pendages, which are not so continuously and deeply fringed

*Tlie following observations by Dr. Gissler, made on the appearance of Branchipus
vernalis and Chirocephalus holmani may prove of interest:

Brooklyn, November 14, 1881.

I recorded the following in my memorandum last year : Ponds near Maspeth dried
np in October, 1880, until October 30, filled up; heavy rain again November 5; heavj^
rain again and G8°F. on November 11; November 18, a thin coat of ice formed in tlio

evening; November 19, little rain in afternoon, again cold in evening; November 20,

cold; November 21, freezing; ditto November 22, 23, and 24, a little snow at 9 p. m.;
25th, snow, cold ; 26th, very cold, and 27th and 28th, thawing after 10 a. m.; same day
rain from 10 a. m. till 11 p. m.; 29th, clear and mild ; 30th, frozen ; December 1, rain;

2d, mild and clear; 3d, cool and clear; 4th, mild; 5th and 6th, warm; 7th, cold; 8th,

9th, 10th, and 11th, very cold; 12th, mild; 13th warmer, and 14th, ditto with rain; De-
cember 15, 16, and 17, all ponds solidly frozen; 18th, thawed; 19th, frozen; ditto 20
and 21, with snow; frozen, 22, 23, and 24; thawing on 2oth; frozen, 26, 27, 28, and
29; December 30, 5° below zero; 31st, cold, frozen; ditto January 1, 2, 3, 4, and 5,

1881; milder and muddy on 6th, 7th, and 8th; colder on 9th, rain in the evening;
ditto all day on 10th; 11th, went to Maspeth, ice 1 inch thick on isolated pond, water
running into it from neighboring elevated fields, nothing found; 12th and ioth cold

;

warm rain in A. M. of 14th, cold after 3 p. m., went to Maspeth and obtained one
larva, the smallest I ever saw, from pale race; 15th, 17°F. at 9 a. m.; cold 16th, oi»-

tained 3 red J5J«6ranc/(ij9Ms larvae a few days old; 16th, cold; 17th mild; ditio 18, 19,

and 20, eight inches ice at Maspeth ; 21st, warm rain ; 22d, snowed over night, cold

;

23d, cool; 24th, 25th, and 26th, cold; 27th, 28th, 29th, 30th, and 31st, very cold; a
larger larva was found February 10, age about 5 days; heavy rains February 18 and
19; March 3, obtained from Mas]3eth 4 larvae 3|'"'" long, red EubrancMpus, ice 3 inches;
March 6, obtained 17 larvae of the red Enbranchipns between 3-5™"" long, no pale ones
seen; March 11, obtained 40 or 42 half-grown red EubrancMpus; March 23, a great
nu-mber of adult Chirocephalus found near Gleudale.

C. F. GISSLER.
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witli the digitate processes as in the European form. Its occurrence,
however, in this country and its being an intermediate form between B.
vernalis and B. gruhei shows that the genus Euhrancliipus is not suffi-

ciently distinct to be regarded as a valid genus. As our description is

brief and giv^es only the salient points observed in alcoholic specimens,
we reproduce Mr. Forbes's original descriptions, drawn up from living

examples:
"An important character, constant in the large number of both sexes

which I have examined, is found in the abdominal segments, which are
narrowed in front, with rounded anterior angles, wliile the posterior
angles are produced backward, giving a decidedly serrate appearance
to the abdominal margin. The last two abdominal segments are closely

united and broader than the precediug.
"The antemiw extend a little beyond the eyes, and terminate in a

cluster of about five slender olfactory clubs. The frotital appendages of
the male are considerably longer than the claspers, to the front inner
base of which they are attached, the line of attachment being parallel

to the length of the basal joint. Their form is irregularly oval, the
inner edge being regularly convex on its distal three-fourths, and the
outer sinuate-convex on basal two- thirds, and slightly concave on ter-

minal third. Both margins are pectinate, except near base, v/ith thick
blunt teeth, which are longest on the basal half of the outer margin,
where they are as long as the undivided part of the appendage is wide.
At the middle of this margin the teeth become suddenly shorter. On
the inner margin they are longest near the middle, regularly lessening
towards each end. The under (posterior) surface of the appendage, as
well as the teeth, is set with short spines, each springing from an in-

flated base. The claspers of the fiiale are shorter and stouter than in

J^. vernalis. The basal joint is saft and inflated and bears a corneous
rounded tubercle at its inner base (wanting in vernalis). The second
joint is stout and regularly incurved, strongly angulated at its base in

front where it is received into the first joint. A long strong tooth,

about half as long as the joint, extends backward and a little inward
from near its base. The rounded tip of this tooth is thickly set with
minute, low, circular elevations, each with a cenrral depression, within
which is a disk-like elevation, the whole having the appearance of a
minute sucking disk. The tip of the clasper is expanded and flattened
within so that the inner (anterior) part has a spatulate form, while the
opposite surface rises into a thick prominent ridge, giving to a trans-

verse section of the tip the form of the letter T. The anal appendages
are linear-lanceolate, as long as the last four segments of the abdomen,
and plumosely haired to the base. The ovisac of the female is as broad
as long, three lobed behind, with the middle lobe the largest.

"Length of a full grown male, including anal stylets, 20"""; width,
6"^"^; across eyes, 4""'

5 clasper, 4.5'"™; frontal appendage, 5"™ by 3'"'".

The largest females were a little more slender than the males."

Genus STEEPTOOEPHALUS Baird.

Plate XII; figs. 1-7.

Streptocephalns Baird, Annals and Mag. Nat, Hist. 2d Ser. XIV, 219. 1854.

EcUrobrartehipus Vcrrill, Amer. Joiiru. Sc. slviii, p. 2r)0. 1869.

Strepiocephalas Verriil, Proc. Amer. Assoc. Adv. Sc. July, 1870.

Body rather slender, much more so than in BrancMpus. 2d anten-

njE of male 3-jointed, remarkably long and large, tortuous and twisted,
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the basal joint stout, armed externally at the end with a very long,

slender spur, about as long as the joint itself; the 2d joint thick, very

long and bent upward and inward; n'earthe end on the inside is a row
of small papillse; at the extremity it enlarges into a short, thick hand-

like portion, the 3d.joint, which divides into two long unequally forked

chitinous appendag-es. 2d anteunse of the female as usual, broad and
suddenly mucronate at tip. Eleven pairs of feet; much as in Branclii-

necta and Branchipiis : the first endite as usual, but the fringe is rather

long, as also that of the other endites; the 5th endite square, the

outer edge hollowed out, the spines on the lower edge few and un-

usually blunt; the 6th endites more acute than in Branehipus ; the

flabellum large and rounded, fuller than in Branehipus ; the gills rather

large. The penis consists of two separate very long curved filiform

processes. Ovisac of the female long and slender, much as in BrancU-
necta. Caudal appendages longer and broader than in BrancMpiis.

This genus differs from Branehipus in the want of frontal appendages,

and may be easily identified by the long 3-jointed twisted and elbowed
claspers, and by the two long slender filamental processes forming the

male genital armature. Judging by the form of the 2d antennae, par-

ticularly the 1st joint, and by the absence of any frontal appendages,

and especially the form of the ovisac, Streptocephalus appears to be a

modified Branchinecta, and to have been differentiated from that genus
rather than from Branehipus; in fact we may, I think, regard Branchi-

necta as the more generalized, ancestral type of the family.

Synopsis of the species.

Male claspers larger and slenderer at tip than in S. similis .,.S. texanus.

Male claspers shorter than in S. texanus S. sealii.

Male claspers shorter and broader at base than in 8. tex-

anus .....S. fioridanus.

Streptocephalus texanus Packard.

Plate XII, figs. 1-7.

Streptocephalus texanus Pack., Amer. Jonrn. Sc. August, 1871.

Streptocephalus ivatsomi Packard, Havden's Annual Report of the IT. S. Geol. & Geogr.

Survey of the Territories for la73, p. 622. PL IV, fig. 13.

Male.—"Front of the head with a small median lobe which projects

downward between the bases of the second antennse, and is flattened,

Tig. 20. Streptocephalus texanus, enlarged.

broad at the end, but not lobed, there being but a very faint median
sinus. The subcorneal upper surface of the head bearing the oblong

ocellus near the front edge is truncated- conical, being a little longer than

broad. 1st antennae long and slender, twice as long as the eyestalk,
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2-jomted, 2d joiut about two-tbirds longer than the 1st, taperi^j? towards
the end; basal joint curved a little at the base. 2d antenna? or clasp-

ers large and tortuous ; the basal joint extends outward and downward

;

the 2d joint extends backward parallel to the body, and is bent atriglit

angles to itself, and the 2a is directed forwards and inwards, the ends
nearly meeting over the median line of the body; 3d joint siiort, swol-

len, and subdividing into three branches, the longest of which reaches

in its natural position to the 8th segment behind the 1st anteunary seg-

ment. Au antenniform appendage springs from the end of the basal

joint and reaches to the end of the 5th ring behind the eyes; it is slen-

der, flattened, and much as described in S. similis Baird. At the end
on the outside of the 2.1 joint is an acute, short, flat, conical a[»pendage.

Of the two terminal large appendages, the longer and slenderer one is

sinuate and sends ofl:* a slender spur from the base, reaching nearly to

the bend in the appendage, where there is a slight projection, beyond
which it is long and slender, flattened, cylindrical. The other append-
age is irregularly flattened, very sinuate, and about two-thirds as long-

as the other. Near the base on the outer edge are two flat lamellate

teeth, the inner much the smaller and slenderer; the outer broad and
suddenly ending in a finger-like point, the appendage ending abruptly
in an acute point. For want of material it is difficult to draw up a good
comparative description of the appendages of this species as compared
with A. floridanus and A. sealii.

By reference to the figures on Plate XII a good idea of the form of

the appendages and their endites and exites can be obtained; but which
characters are generic and which specific would be difficult to say. The
Istendite is broad and large, with long, fine, hair-like setae; in the 8th

pair the base of the ed'ge of the 5th endite has six stout, truncated, short

spines (see PI. XII, fig. 5 ^=). The gills are oval, lanceolate in form;

the flabellum rather broad and well rounded on the outer edge, which
is serrate, the teeth giving rise to small, tine setaB.

The male reproductive organs arise from the 8th segment counting
forward from the telsoii, or the 15th from the head, and are slender,

simple, unarmed, cylindrical, of the same thickness throughout, with

the end blunt, and are curved around so as to touch at their origin.

Telson very short; caudal appendages but slightly separated at base,

long and rather stout, gradually tapering to the end and well fringed

on both edges.

Length of the whole animal, IG.2'"'^; length of longer appendage of

2d antennae, 4.2™'"; length of caudal stylets, 3.2-""'; length of penis,

3.2-'".

Female.—Differs from the male in the 2d antenna?, which scarcely reach

beyond the 1st antennae, and which are flat, conical, ending in a finger-

shaped point. Ovisac attached to the 13th and 14th segments behind

the head ; it reaches backwards to the segment in front of the telson,

forming a long cylindrical sac ending in two valves, the upper one tri-

angular, hollowed beneath, the under one short, forming the end of the

ovisac. The external opening of the oviducts are situated on the basal

segment of the abdomen. The eggs are a little the larger at the end of

the ovisac. The caudal appendages are rather shorter and considerably

stouter than in the male.

Total length, 14'"'"; of caudal appendages, 3'""'; of ovisac, 5"^"".

This description is mainly based on the few examples received from

Waco, Tex., through Mr. G. W. Belfrage, who found it in 1871, and again

February 17, 1872,\vith Limnetis and Estheria. Afterwards a large num-
ber, mostly immature, were received from Dr. Watson, at Ellis, Kaus., and
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tliesG were supposed to represent a different species aud described in tlie

Bulletin ofHayden's U. S. Geological Survey of the Territories in 1877.

Since then I have received a number of specimens from Wallace, Kans.,

through Professor Lindahl, some of which were of the same size and
state of preservation as the Texan specimens, and which showed no
specific differences, and finally, on carefully examining and drawing
the feet of specimens from the two States, I found that they could not

be separated specifically.

I append the description of the Kansas specimens from Hayden's
Bulletin, which may show how the individuals vary, especially in the

male claspers

:

^'- Male.—The claspers (2dantennoe) are much longer than in 8. texanus,

reaching, when extended, to the middle of the body, while in S. texanus

they only reach a third of the length of the body. The median lobe of

thehead, which is very large and long in 8. texanus, reaching nearly as

far as the insertion of the basal filamentary appendage of the third

joint of the claspers, is, in 8. ivaisoni, not half as large. The two basal

joints of the claspers are twice as long and much slenderer than in 8.

texanus ; the third joint is nearly as long, while the branches aud spines

of the 4th joint, though of the same number, are much longer and slen-

derer. Of the longer branch the sup])lementary spine is much longer,

and without the small inner spine, while the main branch beyond is bent
at right angles, the elbow being much bent, the inside, however, i-egu-

larly curved. At the base of the broader and shorter branch are four

unequal teeth; one attached to the third joint, the other to the fourth,

the two terminal ones very unequal, and the fourth square and three times

as large as the third, while the corresponding tooth in 8. texaiiusia long
and narrow, and smaller than the one behind it. The genital appendages
are long and slender, much as in 8. texanus, being as long as the three

segments following the one to which they are inserted. The caudal ap-

pendages are much shorter and broader than in ;S^. texanus, each blade
being broader, aud tapering regularly from base to tip, not contracted
in the middle, nor curved, as in the male of 8. texanus ; on the other
hand, they are of much the same form as in those of the female 8. texa-

nus.

^''Female.—Very closely allied to the female 8. texanus, though as a rule

somewhat smaller, the eyes being decidedly smaller. The second an-

tennce are a little, sometimes much, longer in proportion, and are mu-
cronate, as in the other species. The ovisacs are as in 8. texanus, but
the eggs are much smaller in proportion. The caudal appendages do
not differ materially from those of the males, nor from those of the
females of ;S'. texanus.

'•Length of males, IG™""; females, 12-18"^™. About fifty of each sex
examined, although several hundred were casually looked OAer, with-
out finding any that approached 8. texanus any nearer than has been
indicated.

" Ellis, Kans., in pools on the prairie, June 28, 29, September 27, and
October 10-22, Dr. L. Watson. A large number of half-grown males
and females occurred in June. The largest females, those measuring 18
millimeters in length, occurred October 22, the ovisacs filled with eggs
in some cases; in others, partially or entirely empty. The body was
soft and in such a state of preservation as to indicate that they were at

the point of dissolution. They were found associated with Thavino-
ccphalus, Limnetis, Estheria, Eulimnadia, and Apus lucasanus. The tails

were red, says Dr. Watson, and in some the bodies were blue. This re-

fers to those which were collected in June and early in July. ' Those
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found in October and early in November (the 6tli) were pure white, and
the appendages to the tail seemed to me to be more divaricate than those
of summer, in which those appendages were of a red color.' While the
males are easily distinguishable from those of S. texanus by the much
greater length and different style of branching of the second antenuse,
as well as in the smaller frontal tubercle and the slenderer caudal ap-
pendages, the females differ but slightly, but may still be distinguished
by the smaller eyes and longer second antenuiie. This sjjecies is dedi-

cated to Dr. L. Watson, who has been indefatigable in securing me
si)ecimens for examination of this and other Phyllopods. The male dif-

fers from 8. similis Baird from St. Domingo in the second antennse or
claspers b«-ing much longer and slenderer at tip of the longer branch,
while the shorter branch is much narrower. In the female the ovisac
reaches to the penultimate segment of the abdomen, while, according
to Baird's figure, in 8. similis it scarcely reaches to the end of the fourth
segment from the end, and the second antennse are represented as being
much larger than in our species. The figures do not exactly correspond
with Baird's descrix)tion, for it is nearly impossible to make a charac-
teristic drawing of the members of this family, and particularly of this

genus."
Steeptocephalus sealii Eyder.

Streptoceplmlm sealii Eyder, Proc. Acad. Nat. So. Phil., -p. 200, 1879.

"In form and size this species resembles 8. torvicornis Waga, but the
third joint of the second antennse differs from that species in the details

of its structure, and the ovigerous sacs of the female are
not blue, as in Waga's animal. The inner branch of the
terminal joint of the male claspers is the shortest in-

stead of the longest, as in 8. torvicornis; at the interno-

anterior margin of the short branch there are two un-

equal lobes extending forwards and lying flat against
the laminar posterior border of the anterior branch ; at

the lower posterior angle of this lamina, or blade of the
forward branch, there is a well-marked, somewhat fal-

cate process, which fits between the lower lobular pro-

cess of the posterior branch and its scythe-shaped lower
extremity. The anterior branch crosses the i)osterior

at nearly right angles, and for about a third of its

length maintains a pretty uniform thickness, and is

straight, when it suddenly swells and bends forwards,

ph^ahi^sI'ltu^eilM-XT''^^^^ ^^ suddenly contracts and tapers for its remaining
after kyder '

" ' two-thirds, eudjug iu a slender, slightly-curved, pointed
extremity. The first joint is long and robust, and from its apex ex-

ternally the cylindrical, curved, antenniform organ arises, which is

about as long as the filiform first antennse. The second joint is very
tortuous, and is strongly bent and twisted upon itself. The third joint,

which bears the complex terminal appendages, is wide ; the appendages
close against each other like the blades of scissors, whilst the processes

of their opposing margins interlock as has been already described, and
as can be fully understood by reference to the accompanying cut of the

head of the male. The front of the head is prolonged into a straight

beak, which hangs down nearly vertically between the first joints of the
claspers, and is flattened antero-posteriorly, and emarginate at its tip.

The antenniform appendage is much longer than in 8. texanus Packard,
whilst the terminal branches of the claspers are widely difierent- from
those of that species in their shape and relative proportions. The male

21.
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orj^ans are very feebly armed with a. few sliort spiues and are nearly
straight. The cei)halic horns of the female are twisted upon themselves,

slightly bent and flattened at their extremities, which are fringed with
short hairs. The large lateral, ovoid, pedunculate, apparently gland-

ular organs behind the eyes are the same in size and shape in both sexes.

The ovigerous sacs are large, nearly half as long as the abdomen, con-

ical in form, and contain a great number of ochraceous eggs, more nu-

merous and much smaller than those of CMrocephalus hohnanii from thQ
same locality. The male is of a beautiful green, deeper about the head,

as though saturated with acetate of copper ; the female, on the other

hand, is yellow, with a tinge of green, verging to brownish in parts, and
is very nearly of the same size as the male, if not a little larger. This
similarity in the size of the sexes, with a tendency in the females to be
largest, is observed only in 8. torvicornis, as far as I am aware. The
two rather long, plumose, tapering branches of the tail are red in both
sexes, but of a much brighter red in the female ; more slender in the
male. Length, 27°^°^ " (Ryder).

The main ditierence between S. sealii and texanus is that in the former
the claspers are considerably shorter, the 2d joint being much shorter
and the 3d joint at base much broader, while the 2d spine on the shorter
fork is nearly three times as large as in 8. texanus^ and the longer fork

is much slenderer. There are no ditferences in the feet, as I find after

careful microscopic examination. 0. sealii also appears to be rather
larger.

Regarding the mode of occurrence of this species we quote from a
letter of Mr. W. P. Seals, dated Woodbury, N. J., IiTovember 7, 1879:

" I have delayed answering your letter until I could assure myself
positively as to the present existence of Streptocephalus sealii. Unfor-
tunately I did not save any specimens, and the swales in which I found
them are now dry with one exception, and in that I cannot find a single
specimen. Perhaps the following notes which I have made will interest

you. I find them in two places separated by about a mile. One of these
is never dry. In this one they disappeared about the beginning of
June, and have not yet reappeared. In the other swale they disajjpeared
about June Gth by reason of its drying up. In about two weeks after

the heavy rains in the latter part of August they had again made their
appearance. By October 20th they had again disappeared by reason of
the drying up of the swale. ChirocepliaJus liolmanii also exists in this

swale, but has not made its appearance since disappearing last June."
We have also received numerous specimens from Dr. C. F. Gissler,

who sends us the following notes

:

'• I send yon now a bottle with Chirocephalus of both sexes. A few
specimens of Euhranchipus vertialis might have slipped in also, as they
occur together in a very large and deep pond (no fishes seen so far) near
Glendale, L. I. With one Eubranchipus about twenty Chirocephalus
holmani occur. The males are in average about l-^""" shorter than the
females. Color yellowish or reddish or greenish, last 3 abdominal seg-
ments with red pigment, the latter confluent, not granular. The 9 has
the same second inner lobe as Ryder figures it. Ovary (observed in
many 9) extends upward to the 4th pair of bran chipodsVrom the end;
no anastomosis in the post-abdomen. The water of the pond is perfectly
clear, colorless, numberous Entomostraca occurring in it. I have seen
them in copulation many a time, and can assure you that the tentacles
do not come into use as an auxilliary."

On March 23, 1881, Dr. Gissler visit d the same pond at Glendale
and found C. Jiolmani in great abundance, getting two or three dozen
at every dip of the net.
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Stkeptocephalus floridanus Packard.

StreptocepJialus floridanus Packard, American Naturalist, p. 53, Jan. 1880.

The two basal filaments are as in 8. texanus; of the forceps at the end
of the claspers, the filaments are much shorter and smaller than m
B. texanus, so much so that there is no need of confounding the two
species, and, besides, in the Floridian species the processes are less broad
and flat, and the inner of the two blades of the forceps have but one
instead of two teeth. It approaches 8. texanus in the robustness of the

body, in the form and size of the caudal appendages, which equal, in

length, the three last abdominal segments. It seems to approach
8. similis Baird, which inhabits St. Domingo, but that species is not
described with sufficient exactness to enable us to compare it properly,

and indeed without good specimens for comparison it is difficult to say
whether this species is ditt'erent or not from 8. sealii Ryder.

Total length of male, 10™"; length of 2d antennae when stretched

out, 5-6"""; length of caudal appendage, 2"™; total length of female,
10™".

A pair, (? and 9 , found in the Saint John's Eiver, Florida, May 23,

1879, by Alex. P. Fries; received from Dr. Carl F. Gissler. It appears
to differ from ^S'. similis in the shorter filiform appendage of 3d joint of

2d antennae, which is also very much shorter than in 8. texanus.

STREPTOCEPnALUS SIMILIS Baird.

Strepfocephalus similis Baird, Annals and Mag. Nat. Hist. 2d ser. xiv, 220, 1854.

" This species, which was found by M. Sall6 in the island of St. Do-
mingo in the West Indies, is of a slender and cylindrical form. The male
is about five-eighths of an inch in length, and the female half an inch.

The inferior antennae or cephalic horns in the male are large and tortu-

ous; they are composed of three joints; the first or basal joint is the
largest, is cylindrical, and extends for some distance straight forwards;
the second, smaller than the basal, is also cylindrical, curves slightly at

first, then bends suddenly backwards upon itself; the third or terminal

joint bends as suddenly forwards and terminates in a club-shaped ex-

tremity, which divides into two branches, one longer than the other,

terminating in a long filiform process; the other flatter, shorter, and
dividing into two shorter filiform processes of unequal length. The
antenniform appendage is long and cylindrical, rather stout, and si)rings

from close to the extremity of basal joint. The basal joint is destitute

of the lanceolate-toothed appendage on internal edge, which we see in

the preceding species {8. cafer Loven). The superior antennae are long
and slender, and consist of two joints, the basal one much shorter than
the 2d. The male organs are rather long, cyliTidrical, and of a horny
texture. The front of the head is prolonged into a beak, which is flat,

rather broad and slightly lobed at the extremity. Feet short. Abdo-
men slender. Caudal appendages of moderate length, and beset ou
each side with numerous short and plumose setae.

"The cephalic horns in the female are short, thick, and terminate in a
short spine at the extremity. The ovarian bag is conical, acute, and
the ova are of an ochreous color.

"The chief differences between this species and /S". cafer consist, in the

male, in the shape of the front of the liead, the organs of generation,

and in the inferior antennae having no lamina with teeth on the basal

joint; in the female, in the shape of the external ovary."
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Genus CHIROCBPHALUS Prevost.

Plate XIII.

Chirocephalua Tvevost, Journal de Physique, Ivn, 37, 1803; Thompson, Zoological Ee-
searches, iy34.

Brancliipus, Milne-Edwards, Fischer, Latreille, Desmarest, Guerin, Lamarck.
Chirocephalus Baird (in part), British Entomostraca, 38, 1850; Annals and Mag. Nat.

Hist. 2d ser. xiv, 221, 1854 ; Verrill, Proc. Amer. Assoc. Adv. Sc, July, 1870.

Body slender, head of moderate size, 2d antennae or male ciaspers

with the basal joint very large and thick and somewhat curved -, 2d
joint very lon^i? and slender, curved inward, with a basal sharp spur.

Two remarkably long and large frontal appendages arising between
the base of the 2d antennre, about twice as long as the 2d antennae,

much twisted and coiled and variously lobed and spinulated. Eleven
pairs of swimming feet; the basal iobe or endite long and with the edge
regularly curved, the 2d with an outer subdivision about ^ as broad

as the 1st ; each paler, with rather long fringe of delicate hair-like setae

;

the 2-4th endites, as in the foregoing genera, small, each with three

or four long minutely spinulated seta3. The 5th endite of the usual

size, but rather square, much as in BrancMpus, but with a tendency in

the lower outer angle to be somewhat produced so as to be subtriaugu-

lar in outline. (PL XIII, fig. 1.) The (ith endite is unusually long and
narrow, almost lanceolate, and with long setae in the 3d pair of feet, or

small, narrow, and abruptly rounded in the 1st pair; in the 10th pair

they are narrow and rounded at tip. Flabellum and gills much as in

BrancMpus.
Male genital apparatus short and small, deeply cleft, forming two

slender curved portions, each with its cirrus. Caudal appendages long

and broad, much more so than in BrancMpus.
In the female the 2d antennae have the mucronate spur or tip larger

and longer than usual. Ovisac short and broad, with the end produced
like the neck of a bottle, much as in BrancMpus. The eggs are few in

number (about a dozen), and the eggs are larger than in Streptoceplialus

and BrancMpus.
This genus differs from Brancliipus in the slenderer body, the very

long, coiled, twisted, lobulated, and spinulose frontal appendages, and
in the differences in the endites already noted. In the form ot the ex-

ternal male organs and of the ovisac the genus approximates closely to

BrancMpus, and in the frontal appendages, as seen in the European G.

diaphanus, is only an exaggeration of tliose of Branchipus. It seems
reasonable to infer that Chirocephalus is a more recent group than Bran-
cliipus, and has probably originated from that genus, as •SLreptocephalus

has in all probability arisen from individuals. The singular frontal ap-

])endages are supplied with two large muscles, and as no nerves have
as yet been detected in them it is probable that the organs are simply
l>rehensile and perhaps of use during the union of the sexes.

Chuiocephalus noLMANi Ryder.

Plate XIII, figs. 1-5.

Chirocephalus Jwlmani Eyder, Proc. Acad. Nat. Sc, Philadelphia, 148, 1879.

Body rather slender; 2d antennae or ciaspers of the male with the

the 2d joint considerably shorter than the 1st; it is forked, spur
large and pointed; the longer branch slender (its tip crossing that of
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its fellow of the opposite side when in repose). The two frontal ap-

pendages (PI. Xlir, figs. 4, 5) very long, coiled, and twisted, with

the a})pearance of being jointed, and gradually diminishing to a long,

curved point, which is minutely spinulated, the spinules short, stout

at base, and acute at tip ; variously and finely lobed with about seven

finger-like spinulated processes, best marked in old males (Fig. 22) ; near
the middle a group of four

or five setae. These organs,

when stretched out, are

about three times as long
as the male claspers. As
a rule the 6th endites of

all the feet are narrow and
obtuse at the end, much as

in BrancMpus, the gill vary-

ing much in size. The
head of the female is sim-

ple, without any frontal ap-

pendages; the ovisac is

short and small, contain-

ing about a dozen very
large eggs, showing that
the number of individuals

T-IG 22.-Chiro(vphaluaholmaui; male. Front view of head jj^ ^his SpCCiCS iS far IcSS
of male, much cnlavj;ta, the Iroulal appeudagts somewhat re- , •

j-i j-i
• ' ^

tracted; at>, hist antenna; at", second antenna or male clasper, tliau lU tUC Otlier SJ^CCICS 01
with the spur and filiform 2d joint

; fa, frontal appendage. Giss- fVip fn.inilV excent DPrhaDS
Artemia.

Total length of body of male, 15'"'"; of 2d antennse, 3™"'; of frontal

appendages when outstretched, 5-6"""; of genital organs, 2'"™; caudal
appendages, 2-2, 3""".

Total length of female, 16™"; of ovisac, 2"™.

I have received the <? and 9 from Mr. Eyder, the types of his descrip-

tion, and also a number of both sexes, the females with eggs, from Wood-
bury, ]Sr. J., near Philadelphia, collected in company Avith Branchipus
vernaliSj March 27, by Mr. William P. Seal; also from Glendale, Long
Island, from Dr. C. F. Gissler, who kindly sent me a drawing of the
head of an old male, although the sketches of the head of the male
by Mr. Eyder in the Proceedings of the Philadelphia Academj' of Sci-

ences are truthful to nature.
This Branchipod is certainly, only excepting the next genus, the most

interesting and bizarre of all our fresh-water Phyllopods. The sketches
in Plate XIII will convey a better idea of the form of the feet than any
verbal description.

Subfamily THAMNOCEPHALIN^E Packard.

Body large, very stout and thick ; eleven pairs of feet ; 2d male an-

tennae with the 2d joint simple, curved; nine abdominal segments; ab-

domen broad and flat, ending in a single broad, spatulate, tin-like lobe;

endites of feet much broader and more rounded than in BrancMpodince

;

frontal appendage of male tree-like ; of female, long and clavate, simple.

Thamnocephalus* Packard.

Thamnocephahis Pack., Bull. Hayden's U. S. Geol. and Geogr. Survey Territories, iii,

175. April y, 1877.

Male.—Claspers (second antennae) with the basal joint short, the upper

* SdjuvoZ, shrubby, busiiy ; KScpaXi, head.
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lobe forming? a long', up-curved, chitiuous, slender api^endag'e, extend-
ing, ATlien outstretched, to the first third of the body ; the lower lobe
fleshy and short, straight. A distinguishing and remarkable character
is the frontal, interantennal, shrub-like, branched, birauious appendage
extending out in front, the brush more than half the length of the body,
and sending oft' branches anteriorly, which are provided with minute
spinules. The male genitals united at base as usual; they are small
and deeply cleft.

Female.—The frontal shrub is replaced by a pair of long, slender ap-
pendages, acute, lanceolate-ovate at the end, and contracted somewhat
in the middle. Labrum rather long and large. The second antennae
are remarkably long and broad, oar-like, acute at the tip. The egg-sac
is long, subcorneal, rather thick and broad at the base, which is con-
cealed by the leaf-like feet ; it ends in two valves.

In both sexes the body is unusually short and thick, though the head
is of the usual size. There are 11 pairs of feet, with the lobes broad and
short, much more orbicular than usual. The gill is larger and broader
than usual, the flabellum being somewhat ovate in outline (the relation
of the gill to the rest of the appendage is best seen in the transverse
view of the body, Plate XIV, tig. 4 br.). The 1st endite or lobe is much
shorter than in the. other genera, and with coarser, hair-like setge ; the
2d endit« is large, being from one-third to one-half the size of the 1st
endite; the sette are rather coarse; the 3d and 4th endites small as
usual, each with three or four setulose setae ; the 5th endite is broad
and large, bluntly and quiteregularly pointed, not so rectangularly bent
as in most of the other genera of the family. The 6th endite is usually
short and broad, quite different from the long subacute-ovate form pre-
vailing in the other genera of the family. 1'he abdomen consists of nine
segments, dilates into a remarkably largo, broad, fin-like expansion, be-
ginning at the sixth segment from the end, and expanding at the last

segment until it becomes wider than the body, and extending a little

way beyond the last segment. It is fringed with delicate hair like setag,

and canals from the body ramify in it; at the end it is deeply notched,
forming two br. ad, rounded lobes.

This remarkable genus differs from any other known to me by the
short and broad, spatulate, fin-like expansion of the abdomen, while the
male claspers are curved and simple. In both sexes the body is stout,
broad, and the egg-sac of the female is subconical^ spreading out at the
base. It is quite unlike any European genus, and in the frontal append-
age, the end of the abdomen, and the broad, short gills and endites
stands alone in the family.

Thamnocephalus platyurus Packard.

Plate XIV, figs. 1-7.

Thamnocephalm platyurus Packard, Bull. U. S. Geol. and Geogr. Siirvey Territories, iii,

No. 1, 175. April 9, 1879.

Male.—Prontal shrub over half as long as the body, the two branches
subdividing into about seven subbranches, all directed forward. Pirst
antennae long and slender, extending to the end of the basal joint of the
second or male claspers. The latter with the basal joint rather short,

the claspers long, slender, and recurved, simple, saber-like, cliitinous,

the lower lobe soft, acute, subconical. Genital appendages in the usual
position, short, not so long as the segment to which they are attached,

23 H
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and bilobed, there being two short terminal tubes, with distinct, large
openings, directed downward.

Female.—Second antennte large and long, extending back a little be-
yond the base of the ovisac, oar-like, expanding broadly on the outer
two-thirds, especially on the upper edge. The ovisac is subcorneal, the
base broad and concealed by the limbs ; it terminates at the posterior
edge of the fourth segment from the end, ending in two unequal flaps,

the upper four times larger than the under flap, and triangular in out-
line.

Length of male, 23^™ ; female, 26 5^"™. Ellis, Kans., Dr. L. Watson,
collected June 26, 28, and 29, and again September 27, Octo-
ber 1, 10,, and 22, 1874, in pools of water on the plains, in
company with Esthcria and Limnetis. A fully-grown male
occurred September 27th. October 1-22 females of full size

were collected, in company with Apiis lucasmius, Estheria com-
j)leximanus, and Estheria mexicana.* The ovisacs still con-
tained eggs, though empty at the ends.

!No striking variation was observed among several hundred
specimens of different ages. Dr. Watson writes that the gen-

eral color is pinkish, the
edge of the tail red, and
the genitals light blue.

The sexual characters
are very distinct when
the animal is one-third
grown, the oviducts
being red with eggs,
and the males with the
frontal bush-like appen-
dage well developed.
The following account
the occurrence in

Kansas of this interest-

ing genus, and of Apus lucasanus, Streptocephalus texanus, Estheria
mexicana, and Limnetis I extract from a letter of Dr. Watson, dated
Ellis, Kans., October 12, 1874:

The Apus moves about on the bottom of the pools, rarely rising enough
to allow the slipping of the net under him, and is not easily captured
unless in close quarters. The Estheria and Limnetis swim about, go-
ing to the bottom and coming to the surface, and are easily captured by
slipping a net under them when up. The Thamnocephalus are always
in medio, and by gentle action are easily taken. The forked-tail ones
(Streptocephalus) at the edge of the pool, and the larger emarginated-
tailed ones always in the middle, or in circumscribed clear places having
6 or 12 inches of water. The heavy rain of June 14 washed out the
xavines by torrents. The dates 1 have before given for former collections

indicate the development of those specimens after that date. Those
now sent (October 14) have developed, certainly since September 2;
probably since September 8; possibly since September 13.

^''In relation to the localities where I have found the Crustaceans

:

•'There are "divides" upon these plains, between streams; just here,

* From Mr. R. P. WTiitfield we have received specimens of Estheria mexicana collected

\>j Dr. C. A. White, on the Vermilion River, Colorado, in company with Lepidurus
hilobatus Pack. See American Naturalist, xiv, 53, 1880, where this species is referred to
nuder the name of Estheria ivataoni Pack, (uo description), which is synonymous with
E. mexicana.

Fig. 23.

—

Thamnocephalus platyurus Pack., malp, natural size, ^
doi'sal and side view ; a head, and b end of body of female, showing 01
ovisac.
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three hundred miles west of the Missouri River, the Smoky Hill Elver
is twelve miles south. The 'divide' between it and Big Creek, one of
its tributaries (upon which Ellis is situated), is about one-third of the
distance, or four miles. Six miles north is a tributary of tbe Saline
Eiver, with a "divide" about midway between it and Big Creek. From
these "divides," at varied intervals, are ravines, those upon the north
side often deep enough to be called canons, and in some of wliich are
small springs, sufficient to maintain pools containing fishes (and Awipbi-
pods). The ravines from the south of these 'divides' are more gentle
or less abrupt, aud though, upon heavy rains, torrents of 8, 10, or more
feet of depth, rush down them, they are ordinarily dry pools of water
remaining only two or three weeks at the angles where are blutt' banks,
or in other excavated places. In such pools, well up the ravines be-
yond where fishes from the creek run up during the flood, these Crusta-
ceans are found. They are not found in ' buffalo wallows,' or in any
upland pools. Under the circumstances of this year or last only three
or four weeks of life can they have. Millions of them perish by the
drying up of the pools in July. A less number hatch out after the fall

rains, and they can have hardly more than a month to live.'

II.—THE GEOLOGICAL SUCCESSlO^sT OF THE PHYLLOPODA.

FOSSIL FORMS.

Up to this date but four species of fossil Phyllopoda are known from
North America; these are:

Estlieria pulex Clarke;* from tbe base of the Hamilton shale in New
York.

Estlieria ovata T. R. Jones; from the Triassic beds of North Carolina,
Yirginia, and Pennsylvania.

Estlieria dawsoni Packard; from the Quaternary Clays of Canada.
Leaia leidyi, T. R. Jones; from the Lower Carboniferous of Pennsyl-

vania.

We reproduce the descriptions of the forms described by Prof. T. E.
Jones from his monograph of the fossil Estherise. London Palseontologi-
cal Society, 1862.

^ Estheria pulex Clarke, Amer. Journ. Sc. June, 1882, 476.
" In examining some fragments of soft, olive-colored shale from near the base of the

Hamilton proper, in Miles' Gully, Hopewell, Ontario County [N. Y.J, I have detected
the above representative of this extremely interesting genus. The little carapaces are
never more than f """ in width and ^™'^ in length, and may he described as having
the ventral margin nearly semi- circular, the heak central or very slightly anterior,

hinge line sloping laterally. The surface is marked by six, or in the largest seven,
concentric ridges, which are very broad, with narrow intervening furrows. There ap-
pears to be no more elaborate sculpturing of the carapaces than Jones has figured for

his species, E. membranacea, -which is the simplest of any as yet noticed.
"It is interesting to notice that this Estlieria, the first ever found below the Trias

in America, and nowhere at so low a horizon as this, resembles in its subcentral beak,

its outline and surface markings, this species just referred to, E. membranacea Jones,
from the Old Red of Caithness, while all others figured by that author (Mon. Esth.
Palseontogr. Society, vol. xviii) all from higher horizons, have the beak anterior and
the outline of the carapace more nearly subtrigonal."
This is a very remarkable species of Estheria, and may yet be found to represent an

undescribed genus. It differs from any species of the genus figured by Jones, includ-
ing E. membranacea, in wanting a straight hinge-margin. Its small size, few lines of
growth, and lack of a hinge-margin, indicate that it is very young, and for that reason
may yet prove to be a true Estheria.
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ESTHERIA OVATA JoneS.

Posiclonomi/a minnta (Broun.) W. B. Rogers, Proc. Acad. Nat, Sci. Philad., 1843, vol.

1, p. 249; Fosidonia, sp. ? Proc. Boston Soc. Nat. Hist., 1854, vol. 5, j). 14.

?Lyell, Quart. Journ. Geol. Soc, 1847, vol. iii, p. 274, fig. 6.

Fosidonia ovata Lea, Proc. Acad. Nat. So. Philad., 1856, vol. 8, p. 77.

parva, Lea, ibid.

P. ovalis Emmous Geol. Eep. North Carolina, 18.56, p. 323, fig. W, 1 and 2 ; Amer.
Geol., part 9, 1857, p. 40, fig. 12; Manual Geol., 2d edit., 1860, p. 191, 166, 3.

P. multicostata Emmons, Geol. Eep. N Carolina, 1856, p. 337, fig. X; Amer. Geol., part
6, 1857, p. 134, fig. 103; Manual of Geol,, 2d edit., i860, p. 191, fig. 166, 4.

F. triangularis, Emmons, Geol. Eep. N. Carolina, p. 338, fig. 5 ; Amer. Geol. part 6, p.

134, fig. 104.
Inch. Inch. Inch. Inch Inch.

Height f -iV-. Less than -i%. .More than -f^.. .More than 21

Length tV ^i t% Less than ^2-... Less than -^

Proportion 1:1J 1:1| l:lf+ I:li4- 1:H—
"Carapace A^alves broadly subovate, almost semicircular; the straight

dorsal line reaches across the valve, the extremities curving suddenly
downwards; the postero-dorsal angle being the sharper of the two.
The front and posterior margins are nearly equally rounded, but the
valve is usually deepest at the anterior third, in a line with the umbo

;

the well-curved ventral border being rather more oblique posteriorly
than anteriorly. The concentric ridges are about fifteen in fig. 2G,

about twenty-eight in fig. 27, and much more numerous in fig. 28. In
fig. 27 we see the gradual crowding of minor concentric ridges tov/ards
the ventral border in an adult specimen, and in fig. 28 we have an in-

dividual in which, owing to some peculiarity of growth, the ridges are
too numerous to be very distinct, and are unaccompanied with any orna
ment ofthe interspaces (figs. 29, 30). In other specimens we find, besides
blank surfaces (fig. 37), modifications of a reticulate ornament on the
interspaces (figs. 32, 36), with occasionally a barred or transversely
wrinkled pattern (figs. 37, 38). Fig. 31 is a set of narrow interspaces,
smooth and without ornament. Fig. 32 shows how a smooth surface
may mask the reticulate structure. Figs. 33, 34, 35, and 36 are reticu-

late interspaces, the meshes being of various sizes and arranged either
longitudinally, diagonally, or vertically. In the first case the walls of
the meshes would strengthen if not give rise to minor concentric strice

;

in the last case they may give rise to the bar-ornament, such as is seen
in fig. 37. The obliquity of the meshes in fig. 35 may be due to pres-

sure. Fig. 38 seems to show narrow interspaces bonneted by thick
ridges and crossed by short thick bars.

"For most of these illustrations we have had recourse to specimens
from Pennsylvania, Eichmond, and Dan River (from Prof. W. B. Eogers'
collection), which evidently belong to the species. These specimens
are

—

1. From Pennsylvania. Black shale. Estherise excessively crowded
in horizontal layers.

2. From Prince Edward, near Eichmond, Ya. Black shale, with con-
choidal fracture, fine-grained. Estherise tolerably well preserved, but
crumpled.

3. From Dan Eiver, North Carolina. Black, laminated shale, ob-
liquely crushed. Estherite very thin."

Leaia, gen. nov.

"I have proposed the above name as a generic denomination for cer-

tain peculiar, quadrate, bivalved carapaces, occurring in the Coal-
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measures of Britain and tbe lower Carboniferous red sandstone of
Pennsylvania. I know nothing' of their nature, except that they are
small, thin, horny, brown, stiffly quadrate, symmetrical bodies, unlike
Molluscan shells, but possibly Orustaceau and Phyllopodous.
"I have some specimens from the upper Coal-measures of Ardwick,

near Manchester (collected by Professor Williamson, F. R. S., several

years since), and some from the lower coal-measures of Fifeshire, col-

lected by Mr. Salter, F. G. S., of the geological survey. Dr. Isaac Lea
described and figured, a few years ago, a similar fossil from the red
sandstone of Pennsylvania, and named it Cypricardia leidyi. All these
three are very much alike; but, on account of the obscurity of their

relationship, and the distant places, geological and topographical, of
their occurrence, and making the most of their slight differences of
contour, I propose to keep them nominally distinct as Leaia leidyi

(Plate 5, figs. 11, 12), L. leidyi^ var. williamsoniana (Plate 1, figs. 19,

20), and L. leidyi var. salteriana (Plate 1, fig. 21) Dr. I. Lea, of Phila-

delphia, being the first to notice and figure a specimen of this pro-

posed genus, I have distinguished it by a name commemorative of that
well known conchologist. The carapace-valves are oblong; truncate
bebind, with a slight curvature of outline; boldly rounded in front;

either straight or somewhat curved on the ventral border; straight on
the dorsal edge; a slight umbo takes the place of the antero-dorsal
angle, from whence two conspicuous ridges (hollow within) pass along
the surface of the valve; one directly aeross the valve to the antero-

ventral angle; the other, and longer one, passes diagonally to the
postero-ventral angle; these ridges divide the convexity of the valves
into three, unequal, triangular, smooth, sloping areas; the anterior space
is the smallest, and nearly semicircular; the middle one has its apex at
the umbo, and its base along the ventral margin; and the posterior
space is based on the hinder margin, and reaches along the dorsal
region to the umbo. The surface of the valve is marked with 10-13 (!)

delicate ridges (hollow within), concentric, beginning at the umbo, con-
formable to the outline of the valve, and sharply bent at the divergent
ridges; they are curved and closely set on the anterior area; more open,
horizontal, and straight, or nearly so, on the middle area, and vertically

straight or slightly curved, and wider apart, on the posterior j)art of
the valve. These symmetrical markings of concentric angular lines

and transverse divergent ridges give this fossil, at first sight, a striking
likeness to some fish-scales, when the two valves lie open, in contact by
their dorsal edges (as in Plate 1, fig. 19), and produce a bilaterally

symmetrical, subquadrate, concentrically lined figure, with triangular
sloping areas. Dr. Lea points out some Cypricardise and other shells

ofPalaeozoic age to which this little fossil has some resemblance in shape

;

and some Urthonotse have a general resemblance to it; but some of the
small Astartes of the Chalk and Oolite, small as the A. Eoemeri, Miiller's

Petref. Aachen, Kreideform, Plate 6, fig. 12, and A. interliiieaia, Morris
and Lycett, Mollusca of the great Oolite (Palfeontog. Soc. Monograph),
Plate 9, figs. 14, 15, have even a greater resemblance in size and shape,
without being at all allied to the form before us.

The horny tissue of Leaia—its long dorsal edge destitute of hinge

—

its stiff and simple style of ornament—and its two diagonal, raised hol-

low ridges or folds, remove it from the Mollusca. It has been suggested
(by Phillips and Williamson) that these fossils may be Trigonellites (of

Goniatites ?) ; but there is little or nothing to support the hypothesis.
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Leaia leidyi T. R. Joues.

Ci/pricardia leidyi Lea, sp. Proceed. Acad. Nat. So. Pliilade]pliia, 1855, 7, p. 341, pi. 4.

Height of valve, nearly j^ iiicli. )
-pronortion 7 to T> or 1- 1=^

Length of valve, nearly -^ inch, i

-t^roportion i to i^, oi i. l^—

.

In the "Proceedings Acad. JSTat. Science of Philadelphia," May, 1855,
vol. 7, p. 341, Dr. I. Lea has described a small fossil found by Dr. Leidy
in red sandstone at Tumbling Eun Dam, about a mile southeast of Potts-
Aalle, in Pennsylvania. The specimen consists of the impression of the
outside of the two values. It is figured carefully, of natural size, and
enlarged, in plate 4 (op. cit.^), and is named Cypricardia Leidyi by Dr,
Lea, who thus describes it:

" Shell oblong', round before and truncate behind, very inequilateral,

striate ; dorsal and basal margins parallel; umbonal slope shortly cari-

nate; anterior slope with an elevated line from the back to the basal
margin; strise about twelve, very regular, and nearly equidistant (bent
at an angle of 90° at the umbonal slope). Length, two-twentieths,
breadth, nearly four-twentieths, of an inch." "The shell is accompa-
nied on the specimen with some obscure impressed linear marks of a
dlant.

The figures are reproduced here (Plate 5, figs. 11, 12). The sandstone
is referred to the formation called l^o. 11 hj Prof. H.
D. EiOgers in the State Geological Survey of Penn-
sylvania, and referred by him to the base of the Car-
boniferous system, but regarded by some geologists
as the uppermost part of the Devonian or Old Red
Sandstone. In this formation of sandstone (which,
with its associated shales, is 3,000 feet thick), foot-

tracks of reptiles, rain-prints, wave marks, and trails

of annelids or molluscs are not uncommon at two or
more horizons. rig. 2i.-Leaia leidyi

Jones then describes as varieties of the foregoing, enlarged. AfterLea.

Leaia williamsoniana^ from the ujjpermost coal-measures of Lancashire,
England, and L. salteriana, from the lower Carboniferous rocks of Fife-

shire, Scotland.
EsTHERiA DAwsoNi Packard.

(Plate XXIV, figs. 4, 4 a, 4b.)

'Estheria dawsoni Packard, American Naturalist, xv, June, 1881, p. 496.

We have received through the kindness of Principal J. W. Dawson,
LL. D., of Montreal, a valve, in partial x)reservation,of an Estheria quite
unlike any existing American form. The following account of its dis-

covery is from Principal Dawson

:

"It was found at Green's Creek, on the Ottawa River, in nodules in

the Post-pliocene clay, holding skeletons of Mallotns villosus and other
northern fishes, and shells of Leda (Portlandia) arctica, Saxicava rtic/osaj

&c. ; also leaves of Populus, Potamogeton, &c. The deposit is of the
age of the Leda clay of the Saint Lawrence (middle glacial) and belongs
to a period of submergence where, in the bay or estuary then repre-
senting the Ottawa River, northern marine animals were embedded in

deposits into which was also washed the debris of neighboring land,
and of fresh-water streams. The climate at the time was colder than
at present, and the area of land less, so that, if this Estheria still lives,

it is most likely to be found in the vicinity of the Arctic coast."

This Estheria is entirely unlike any northern American or European
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species, differing decidedly from Estlieria morsel or Estherla mexioana.
It ratlier approaches E. jonesii from Cuba in the form of the shell and
style of marking- of the valves. It does not resemble closely any of the
fossil forms figured in Jones' Monograph of fossil Estheriie. The mark-
ings, however, i>resent some resemblances to E. middendorfii Jones, but
differs in the want of anastomosing cross-wrinkles between the ridges.

One valve and portions of others were x)reserved ; but none of them
show the breaks (umbones), though the form of the remainder of the
shell indicates that they were situated nearer the middle of the valve
than usual, i. e., between the middle and the anterior third of the shell.

The shell is deep, probably more so than in E. jonesii, though the valves
have evidently been flattened and somewhat distorted by pressure, but
a])X)arently the head-end was more truncated than iu E. jonesii, as the
edge of the shell and the parallel lines (or ridges) of growth along the
head-end are below bent at right angles to the lower edge of the shell.

The raised lines of growth are very numerous and near together ; they
are of nearly the same distance apart above near the beaks as on the
lower edge. The very numerous lines of growth are thrown up into

high sharp ridges, the edges of which are often rough, finely granulated,
and often the valleys between are rugose on the surface. In one or two
places a row of papillae for the insertion of S|)inules may be seen where
the shell has been well preserved, and between many of the lines of
growth there are irregular superficial ridges. Length 10™™; depth
7 Rmni

The valve is evidently that of an Estheria,much truncated anteriorly,

and with the lines of growth much thicker, higher, and closer together
than in any Korth American species known to us, and may prove, when
better specimens are found, to be allied to the Tertiary Siberian E.
middendorfii.
The species is named in honor of the discoverer, J. W. .Dawson, LL. D.,

who has so persistently and ably investigated the Leda clays of Canada.
It should be observed that fig. 4 is not a particularly good representa-

tion of the fossil.

A point of a good deal of interest in connection with this Quater-
nary species is that at present no species of Estheria is known to be
peculiar to the Atlantic province. Estheria mexicmia, however, ranges
as far east as Ohio, but this is not at all related to E. dawsoni. The
question arises where did the latter Quaternary species come from. It

is not an Arctic form, for no species of the genus is known to inhabit
the circumpolar region. It would seem as if it had been a Quaternary
survivor through the glacial period of a southern or Tertiary species.

Geological Succession.—The following table gives a view of the geologi-
cal succession of the fossil Phyllopoda ; it is compiled from the works of
T. E. Jones and Gerstaecker, with the additions made, (1878-'81,) since
the publication of those works.

Leda clay, Canada.

Tertiary ?

EoceneTertiary Sranchipus Fresh-water limestone, Isle of
Wight.*

Mesozoic?
Wealden

Oolite..-. Esttieria concentrica (Beau)
Estheria murchisonice Jones Skve, Scotland.

* Proceedings Geological Society of Loudon, 1878. Abstract in Aunals and Mag. Nat. Hist., 5th ser.,

i, p. 99, 1878.
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United States, Pennsylvania,
Virginia, North Carolina.

Estheria minuta (Albert!) var. brodieana

Hanover, Germany, England.

Keuper
f

France, Germany,
Bunter )

Saxony.

Tipper Carboniferous .

.

Leaia leidyi (Lea) var. ^pllliamsoniana Jones..
Estheria tenella (Jordan)

England.
France, England, Germany.

Lower Carboniferous .

.

Estheria striata (Miinster) var. tateana England.

Entheria striata var. binneyana En "-land.

Pennsylvania.

It appears from the foregoing table tliat the oldest Phyllopod crusta-

cean is a genuine Estheria,* judging, of course, from the carapace valves
alone ; tlie more or less problematical form, Leaia, being carboniferous.

Thus Estheria dates from the Devonian.
As to the ancestral forms of Phyllopods in general, they may have

been derived from forms like the Cladocera. Limnetis indicates in its

resemblance to Daphnia, that from this Branchiopod with its cladocerous
allies the Phyllopods may have sprung. Next below the Branchiopods
stand the Copepoda from which all the other Neocarida have sprung;
the Copepoda all originating from a nauplius ancestor. The Ostriicoda,

the lowest suborder of Branchiopoda, flourished in the Lower Silurian

seas, hence the Branchiopoda must have originated in the Laurentian
period and the Phylloi^od suborder at least as early as the Upper Silu-

rian period.

The accompanying table may serve to give a rude idea of the rela-

tions of the principal groups of tbe Crustacea, and their appearance in

geological history, so far as the extremely scanty data we possess will

allow, while the diagram may also serve as a genealogisal tree, showing
the probable origin of the main divisions of the Crustacea.
As is well known, the Trilobites are met with in comparative abund-

ance in the lowest fossiliferous beds of the Silurian period, and they are

the most ancient of Crustaceans, so far as their remains give evi-

dence. The genera Conocephalites, Dicellocephalus, Paradoxides, and
Agnostus, besides other forms, appear in the Potsdam sandstone or

equivalent i>riraordial rocks of this and other countries. The type dis-

appeared during the Carboniferous period, the genera Phillipsia (one

*As there exists some doubts in my mind as to the Estherian nature of JS. palex
Clark, I have left this out of present consideration.
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species is Permian), Griffithides, and Brachymetopus being tlie sole rep-
resentatives of the type which prevailed so extensively during the Si-

lurian.

Geological succession of the Crustacea.

Branchiopocla.

Quaternary

Tertiary

Mesozoic

Carboniferous

Devonian

Silurian

Laurentian

Protonauplius. Protocyclus.

Simultaneously with the appearance of the larva-like Agnostus, and
the more highly organized Paradoxides, &c., we iind in the Lingula flags

the remaius of a species of Fhyllocarida, the Hymenocaris vermicauda.
Mr. J. W. Salter, who was the first author to draw attention to the
close relation of the fossil-genera Hymenocaris, Ceratiocaris, Peltocaris,

Dictyocaris, &c., to Nebalia, has given us a series of sketches showing
graphically the geological succession of this group and the Estheriada3.
Hymenocaris, which Salter regards as "the more generalized" type,
lived during the inimordial period; Peltocaris and Discinocaris (Wood-
ward) characterize the Lower Silurian period; Ceratiocaris the upper;
Dyctyocaris the Upper Silurian and lowest Devonian; Dithyrocaris
and Argus the Carboniferous. ISTo Mesozoic member of the family has
yet been discovered, but as there are several species of i^Tebalia now
living in our seas, it is reasonable to suppose that the type has existed
in an unbroken succession from primordial times until now. The Pa-
leozoic species were gigantic in size, some being about a foot or more
(the carapace of Dithyrocaris pholadomya Salter being seven inches
long) in length, while our recent ISTebalia is less than an inch in length.
The Potsdam sandstone also contains the remains of a third grand

division of Entomostraca, the Ostracoda; remains of Leperditia having
been found in Canada, as well as the Lower Silurian of Europe.

E'o fossil Copepoda have yet been discovered, but we should scarcely

wonder at this, owing to their soft bodies. Gerstaecker (Bronn's
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'' Classen 1111(1 Ordnungen derTliierreichs") suggests that tbeLeruiEaris

migbt bave infested PalsBOzoic fisb, and on general grounds we sbould
think that they probably extended as far back as the primordial

zone, inasmuch as highly developed Trilobites and Ostracodes appear
there. Another argument is the interesting discovery made in 1865,

by Mr. Woodward, of the Cirripede Turrilepas Wrightii from the

Wenlock limestone and Dudley shale of the Upper Silurian formation.

Previous to this, according to Woodward, "the oldest known Cirripede

was the Follicipes rhoetious from the Rhoetic beds of Somersetshire";

while the type is not uncommon in the Cretaceous, and has flourished

from that period to the present.

Of the Merostomata the oldest group is the Eurypterida, the Xipho-
sura not dating beyond the Lower Carboniferous. The Eurypterids
have not been found below the Upper Silurian (Lower Helderberg in

America), and the aberrant forms Hemiaspis, Bunoodes, Pseudoniscus,
and Exapinurus are Upper Silurian forms. Among the Xiphosura,
Cyclus, the lowest form, is found in the Carboniferous, and ranges, ac-

cording to Woodward, as far up as the Permian. In the same period

occur Bellinurus, Prestwichia, and Euproops, being in this country
found in the lower part of the true Coal-measures, and associated in the

same beds with Ceratiocaris, Eurypterus (Anthraconectes and certain

Isopoda and Macrurous Decapoda (Anthrapalaemon). The genus Limu-
lus first appears in the Jurassic, and the species differ but sbghtly from
those now living.

The more typical Phyllopoda made their appearanceduring the Triassic

period. The lowest group, however, the Estheriadse, appeared during the

Devonian, a species referred to Estheria being found in that formation in

Europe. The Cladocera are not known to have existed previous to the

Tertiary period, and it was not until recently (1862) that Von Hayden
discovered the ephippium of a Daphnia in the Eheinish brown coal

(Gcrstaecker, in Bronn's Klassen und Ordnungen, &c.), said by Lyell

to be of Eocene age. It should be noticed, however, that the fossil be-

longs next to Sida, the most highly organized genus of the group, and
as it is not unlikely that such pelagic forms as Evadne may have existed

in the Mesozoic seas, if not earlier, I have ventured to run the point of

the wedge into the Carboniferous period.

The Apodidse date back to the early part of the Mesozoic, a Triassic

species of Apus having been found in Europe, according to Mr. Salter.

IIL—GEOGEAPHICAL DISTRIBUTION

(With a map.)

The materials for the thorough study of the geographical distribution

of the Phyllopod Crustacea of Xorth America, as indeed of any other

of the continents, perhaps not excepting Buropeo-Asia, are quite scanty.

The exceptional habits of the members of this suborder, their usual

rarity or periodical occurrence, and their very local distribution, have
caused them to escape the observation of most collectors, and to be found
more by accident than as the result of well-matured plans of search.

The salient points in the distribution over the globe of the Phyllopods

are as follows; although the conclusions here presented are, of course,

provisional, and much yet remains to be discovered as to the distribu-

tion of these interesting forms.

It will be seen by reference to the lists presented in the following

pages that a large proportion of our Xorth America Phyllopoda, includ-

ing nearly all the species of Ustheria, are restricted to the elevated dry

central zoogeographical province of the United States, and adjacent
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portions of Arctic America, and of ISTortlieru Mexico, a region exposed
to great summer heats, winter cold, to long droughts, sadden rainbursts,

and other meteorological extremes. And it is interesting to notice that
the larger proportion of the Old-world forms are likewise restricted

to Eastern and Southern Europe, to the Mediterranean region, and to

Central and Northern Asia, i. e , to Mr. Sclater's "Paloe-arctic Eegion."
The Western European species are few in number, as in the Eastern
United States. In Africa the Phyllopods are restricted to the northern
portions of the continent, which are more or less elevated, dry, and
arid, as Algeria, Egypt, and Abyssinia, or to the Cape of Good Hope
(Capeland), while but a few, and those species of Ustheria, have been
Ibrought from the "Oriental Eegion" in Asia, and few from the ^lilthi-

opian Eegion" in Africa. Apus himalayanus, described by us from the
Himalaya Mountains, is evidently a member of the Central Asiatic or
Manchurian province, and not of the Indian region, while A. dulcianus

is reported from Afghanistan.
Of purely tropical forms there are two species of Apus, one living

in St. Domingo, another in the island of St. Vnicent, while a species of
Eulimnadia exists in St. Domingo, and a species of Estheria flourishes

in Cuba. The Mexican forms are plateau species, while none have
yet been described from Central America. Two species of Ustheriah'dvO)

been described from South America.
The map accompanying this memoirl represents the principal faunal

divisions of ISTorth America, with the isothermal lines of 32^, 40°, 60°, and
72°. The American continent is divided into

—

1. The Arctic Eealm and its Alpine outliers.

2. Boreal province and its AUeghanian outliers.

3. The Atlantic or Eastern province.
4. The Central province.
5. The Western or Californian province.
6. The Antillean region.

There are no species from the Central American province.

i

THE AIVIEEICAN ARCTIC PROVINCE.

This is a more or less natural subdivision of the Arctic or Circumpolar
Eealm, which includes the coast of Labrador, the northern shores of
Hudson's Bay, and the Arctic coast of jSTorth America, north of the
sothermal of 32° around to Bering's Strait and Greenland. We reject

the term "Nearctic" i)roposed by Mr. P. L. Sclater, and adopted by Mr.
A. E. Wallace, for America north of Central America, for the reason
that it seems to us an unnatural and artificial term. The fauna is

essentially American north temperate, while the Arctic regions of
America and Europe-Asia form a realm by itself, of much less impor-
tance, it is true, than the north temperate realm (American and Europseo-
Asiatic regions), when we consider the land plants and animals, but of
nearly as much importance as regards marine life. To apply the term
Nearctic to so vast a region as the American involves the idea that the
region covers an area essentially arctic in its features. It is to be hoped
that the term will not be adopted by American writers, as it is not
by German aisd French writers, and we heartily indorse Mr. J. A.
Allen's protest against the use of the term by American writers on this

subject. The circumpolar or Arctic realm is a realm by itself, limited by
the low degree of temperature and mainly bounded by the isothermal of

32°, and the adoption of this term will conduce, it appears to us, to



364 GEOLOGICAL SURVEY OF THE TEEEITOEIES.

clearer and more concise ideas of tlie geographical distribution of life

on our continent.*

The following two species of Phyllopods characterize this realm

:

Lepidurifs glaciaUs, Arctic America, Lapland, KovaZembla, Spitzbergen,

Beeren Island ; and Brancliinectapaludosa. Neither of these are confined

to the American continent (being found at Cape Krusenstein) and Green-
land, as they occur in Arctic Europe and Asia, These two species oc-

cur not only in Greenland and Arctic America, but also in Swedish
Lapland at an elevation of 2,000 feet; Branchinecta paludosa occurs in

Finmark near the North Cape and in Eussian Lapland, and Middendorf
found it (var. middendorjianus) in Asiatic Siberia.

THE ATLANTIC OR EASTERN PROYINCE.

This region includes the area bounded on the north by the isothermal

of 40°, includiug the northern shore of the Saint Lawrence west of Que-
bec, the Great Lake region, except the northern shores of Lake Superior,

and the United States east of the ninety seventh meridian.

The following species inhabit this province:
Limnetis gouldii. Estheria mexicana.
{Limnodella coriacea.) EuUtnnadia agassizii.

Limnadia americana. BrancMpus nernalis.

Streptocephalus sealii. serrotus.

Jioridanus. ChiroGeplialus liolmani.

THE CENTRAL PROVINCE.

This province lies between the Atlantic and the Californian, extend-

ing northward into British America to the limits of trees near latitude

55°; and southward along the Mexican plateau as indicated on the map.
The Eocky Mountains oppose no continuous barrier to the distribution

of the species ; and it includes the southern extremity of the Californian

i:)eninsula. We reproduce from the American Naturalist fbr August,
1878, the leading characteristics of this Central province.

The first attempt to divide the United States as a whole into zoolog-

ical provinces was in 1859, by Dr. Le Conte, in his " Coleoptera of Kansas
and Eastern New Mexico (Smithsonian Contributions, 1859)." He di-

vided the Coleopterous fauna of the United States into three great zoolog-

ical districts, distinguished each by numerous peculiargenera and species,

which, with but few exceptions, do not extend into the contiguous dis-

tricts. He named them the Eastern, Central, and Western divisions

;

*In our "Observations on the Glacial Phenomena of Labrador and Maine," etc.,

Mem. Bost. Soc. Nat. Hist., 18t)6, p. 254, we thus referred to this fauna, speaking espe-

cially of the marine animals:
"The arctic or circumpolar fauna is restricted to a district north of the yearly iso-

thermal line of 32°, which thus includes the Arctic American archipelago. Northern
Greenland, Spitzbergen, Nova Zembla, and the coast of Siberia. This is a trae circum-

jjolar fauna, and can scarcely be said to be Asiatic, European, or American, though
members of the group extend in diminished numbers and size down on the Asiatic

coast to Japan, as we are informed by Dr. W. Stimpson, and by P. P. Carpenter in

the Report of the British Association for 18.56 ; on the European coast as far as the
Mediterranean Sea, and on the eastern American coast as far as New Jersey, where the

polar currents give, at great deirths, the necessary amount of cold for their existence."

Compare also onr monograph of Geometrid Moths, or Phalteuidae, of the United States,

pp. 567, 586, 1876. Our classification of the American fauna is adopted with slight

modifications from Mr. J. A. Allen's writings on the Mammals and Winter Birds of

Florida, etc.. Bull. Mus. Comp. Zool. ii, 3, 1871, Bull. Haydeu's U. S. Geol. Survey,

1878, p. 529.



PACKAKP.] GEOGRAPHICAL DISTRIBUTION OF PHYLLOPODA. 365

SO that to liim is due the credit of first distinguisMng the Central prov-
ince.

In 1866, Professor Baird,^ from a study of the avifauna of the United
States, conckided that " the ornithological provinces of North America
consist of two great divisions of nearly equal size in the United States,

meeting in the vicinity of the one hundredth meridian, the western half
divisible again into two, more closely related to each other than to the
eastern, though each has special characters. These three sections form
tbree great provinces to be known as the western, middle, and eastern

;

or those of the Pacific slope; of the great bashi, the Eocky Mountains
and the adjacent plains; and of the fertile plains and region generally,
east of the Missouri."

In 1871, Mr. -J. A. AUen^ divided the avifauna of the United States
into two provinces, the eastern and western, the latter embracing the
Pacific coast. Mr. Allen afterwards adopted Professor Baird's division

into three provinces. (The geographical distribution of the mammalia,
etc. Bulletin of Haydeu's U. S. Geographical and Geological Survey
of the Territories, May 3, 1878.)

In 1873,^ Mr. VV. G. Binney published a map of the distribution of
our land shells, dividing the molluscan fauna into the Eastern, Central,
and Pacific i^rovinces.

In 1875, Prof. E. D. Cope, in his check-list of IsTorth American Batra-
chia and Eeptilia,* divided the Nearctic realm of Sclater into the Aus-
troriparian. Eastern, Central, Pacific, Sonoran, and Lower Californian
regions. He remarks that "the Pacific region is nearly related to the
Central, and, as it consists of only the narrow district west of the Sierra
ISTevada, might be regarded as a subdivision of it. It, however, lacks
the mammalian genera Bos and Antilocapra, and possesses certain pecu-
liar genera of birds, as Geococcyx, Ghamcea, and Oreortyx. . . . There
are some genera of reptiles, e. g. Gharina, related to the Boas, Lodia,
Aniella, Gerrhonotus, and Xantusia, which do not occur in the central
subregion. There are three characteristic genera of Batrachia, all

Salamanders, viz : Anaides, Batrachoseps, and Bicamptodon ; while the
eastern genera Plethodon and Biemyctylus reappear after skipping the
entire central district." Cope adds that "the fresh-water fish fauna is

much like that of the central district in being poor in types." Cope's
Sonoran region is evidently a northward extension of the Central Ameri-
can fauna, which sends its outliers into Southern Arizona, Utah, and
New Mexico, and is not to be taken into account in discussing the faunal
provinces of the United States alone.

In 1876, Wallace, in his "Geographical Distribution of Animals," di-

vided the Nearctic region into four subregions, viz : the Californian,
Central or Eocky Mountain, Alleghanian, and Canadian. His Central
subregion extended to lat. 25° N.

It will be seen from this review that by general consent the fauna of
the Pacific slope is on the whole regarded as belonging to a separate
province from that of the Eocky Mountain plateau, w^hether we regard
the mammals, birds, reptiles, amphibians, Coleoptera, or land shells.

Botanically, as observed by those who have traveled across the plains
to California, the flora of the great plains is quite different from that of
the Eastern States, and the Pacific flora is as distinct from the central
flora. This has been clearly shown by Sir J. D. Hooker and Prof. Asa

* American Journal of Science and Arts, January and March, 1866.
* Bulletin of the Museum of Comp. Zoology, April, 1871.
3 Catalogue of the Terrestrial Molluscs of North America. Bull. Mus. Comp. Zool.,

1873.

^BuUetin U. S. Nat. Mas., Washington, 1875.
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Gray in their preliminary notices of the results of their botanical re-

searches in connection with Dr. Hayden's U. S. Geological Survey of
the Territories.

In traveling in the summer of 1877, in pursuance of the work of the
United States Entomological Commission, I passed rapidly over a large
area of the Central province lying north of the fortieth parallel, including
Colorado, Wyoming, Northern Utah, Western Idaho, Central and North-
ern Montana, and wa s thus enabled to observe in a superficial way th e gen-
eral features of the flora and fauna nearly up to the British line. I was im-
pressed with the resemblance of Central andNorthern Montana to North-
ern Utah, the insect-fauna being apparently nearly identical. Doubtless
this insect-fauna extends northwards into the Upper Saskatchewan val-

ley as far as the southern limit of trees, there being much less intermix-
ture with Canadian forms than might be expected. Then crossing the
Sierra Nevada, and going overland to Oregon, I was able to trace the
gradual passage of the Californian insect-fauna into the Oregonian, with
some Canadian forms ; and by passing up the Columbia Eiver to Wal-
lula, here as well as at Eeno in Nevada, to perceive the great differences
between the fauna of the Pacific slope and that of the plains and deserts
of the Central province.
In briefly reviewing the different orders of insects, other than Cole-

optera, which have been so fully elaborated by Dr. Le Conte, and cer-

tain groui)s of Crustacea, we will begin with the Hymenoptera, and
point out a few characteristics distinguishing the Central from the
Pacific provinces. In 1865 and 1866 a large number of Coloradian fos-

sorial Hymenoptera passed under the writer's hands, Mr. Cresson hav-
ing previously described from this material a large number of Colo-
radian Hymenoptera of all families. The richness of the hymenopterous
fauna of Colorado sferuck me, and I was impressed with its distinctness
from that of the Eastern States. I have seen few of these from Cali-

fornia. Among the family of ants (Formicidce), there was one form
characteristic of the plains which does not occur on the Pacific slope.
This is the Fogonomyrmex occidentalis (Cress.). I have seen its large
hills at Brookville, Kans., and observed them in Colorado and Utah,
and in Reno, at the base of the Sierra Nevada, but not west of that
point. It ranges, according to Mayer, south into New Mexico, and San
Luis Yalley, Colorado. Its nest, forming large elevations in cleare<i

spaces sometimes six or eight feet in diameter, is one of the character-
istic sights on the plains.
Among the Lepidoptera, family Bomhycidw, there are several forms

peculiar to the central district, notably the genus BirpMa (Coloradia),
FuleucophcBiis, Gloveria (Ifesistesoma), Hemileuca, Juno, and Hera, and
Plaiysamia gloverii. The family is feebly represented in the Central
province, but richly so by numerous species on the Pacific slope, which
do not appear east of the Sierra Nevada.
The Phalcenidce, or geometric moths, are richly developed in the

Pacific province, and but poorly in the Central province, owing to the
absence of deciduous trees ; of those found in the latter some occur
west of the Sierra Nevada, and some are peculiar to the plains and
Eocky Mountains.
Of the Orthoptera there is a large number of species peculiar to the

plains which I did not observe in the Pacific States ; of these, Galop-
tenus spretus is thoroughly characteristic of the Central province. It

does not occur in the Pacific and only breeds temporarily in the Eastern
province, and its natural limits define well those of the province itself.

It ranges up to latitude 53^ N. on the North Saskatchewan and south
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to Southern Utah and Colorado. The exact limits of its distribution

are given in the First Annual Eeport of the United States Entomologi-
cal Commission.
While we are still quite ignorant of the distribution of insect life be-

tween the hundredth meridian and the Pacific Ocean, there seems good
reason, from what little we do know, and from the great differences in

the Hora, and the soil and climate, es[)ecially the rainfall east and west
of the Sierra Nevada, to regard this lofty range as the general point of

separation deiining two grand zoological provinces. Many groui)s of
insects abounding west of the mountains do not occur east, except in

isolated cases. Of a number of Myriopods found on the Pacific coast
none occur east, and so of the Arachuida so far as known, and Dr.
Thorell, who has worked up some of the spiders of Colorado, was struck
by the general similarity of some forms to those occurring in the
l^iateau of jSTortheastern Asia. Among the insects there are a few
Pacific forms which closely resemble European species, and which are

not represented east of the Sieri-a IS'evada. It should be borne in

mind, however, that the Sierra Nevada does not present an absolate
barrier, as a considerable number of species occur on each side of it,

and it is well known that the Eocky Mountains are but a slight barrier

to the distribution of the animals on either side, the fauna of Colorado,
Northern Utah, Wyoming, Montana, and Idaho being quite homogene-
ous, and the fauna of these Territories the same on each side of the
high mountain ranges traversing them.
Among the fresh-water Crustacea the Astaci of the Pacific slope, as

is well known, belong to the European genus Astacus, those east of the
Sierra Nevada to the genus Camharus, which is so richly developed in

the eastern provinces, especially in the Mississippi Valley.
The distribution of the fresh-water Phyllopoda is of peculiar interest.

The family Apodidce is restricted to the Central province; none are
found in the Mississippi Valley, and none in California. Of the four
species of Apus all inhabit the Central province; Ap7is caqualis lives on
the j)lains of the Eocky Mountains, and also at Matamoras, in Mexico.
It is a curious fact that Apus lucasaiius Pack, not only occurs at Cape
Saint Lucas, Lower California, but is also an abundant species at Ellis,

Kansas. This is a parallel case to the presence of certain birds at Cape
Saint Lucas which, as observed by Professor Baird, belong to the Central
rather tha.n to the Pacific province. Of the genus Lepidurus there are
two forms {L. eouesii and L. Mlobatus) characterizing the plains. JJ.

couesii occurs in Northern Montana and in Utah, and is allied to the re-

cently described Lepidurus maorourus from Archangel, Eussia, accord-
ing to Lilljeborg.

The eastern limits of the Central province extend to near the 97th
meridian in Kansas and Nebraska, according to the writer's observations.
The following species inhabit this province

:

Limnetis mucronata. Lepidurus hilohatus.

hrevifrons. Apus newherryi.
gracilicornis. cequalis.

Ustlieria compleximanus lucasanus.

mexicana. longicaudatus.

helfragei. Brancliinecta coloradensis.

morsei. Undahli.
JEulimnadia texana. Streptocephalus texanus.

Lepidurus couesii. Thamnocephalusplatyurus.
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THE CALIFOKNIAN OR PACIFIC PROVINCE.

But one species, Usfheria californica, (unless U. netccomhii be regarded
as distinct) inhabits this area, which is separated by the Cascade Mount-
ains and the Sierra jJsTevada from the Central province, and extends from.

52° north southward to San Diego.
Ifo species is as yet known from Central America; and the two

Mexican forms occur in elevated regions in Northern Mexico, and are
not peculiar to Mexico, being characteristic of the Central province of
the United States.

THE ANTILLEAN PROVINCE.

The species inhabiting the West Indies are comprised in the following
brief list

:

EstJieria jonesii. Apus guildingii.

JEJulimnadia antillarum. , Artemia guildingii.

Apus domingensis. Streptocephalus similis.

SPECIES COMMON TO THE ATLANTIC AND CENTRAL PROVINCES.

Estlieria mexicana ranges from Ohio to Lake Winnepeg, northward,
and westward to Western Colorado, and into Northern Mexico.
Artemia gracilis ranges from Salem, Mass., to Mono Lake, in California,

but the life-conditions of this brine-inhabiting genus are so exceptional
that we have not mentioned it in the foregoing lists. Our only truly Al-
pine form is Branckinecta coloradensis, found at an elevation of 12,000
feet in Colorado.

SPECIES INHABITING SOUTH AMERICA {Brazilian Region).

Estlieria hrasiliensis Baird. Brazil.

Estlieria dallasii Baird f Brazil.
*

SPECIES INHABITING THE EUROPJEO-ASIATIC REGION.

a.—The European Province,

1. Western Europe.

Limnetis hracliyurus. Germany.
Estlieria cycladoides. Toulouse.
Limnadia hermanni. France and Germany.

gigas. Central and Northern Europe.
tetracera. Germany.

Brancliipus stagnalis.* England and Central Europe.
grubei. Central Europe.

Artemia salina. England and Europe.
Chirocephalus diaphamis. England, France, Switzerland.
Lepidurus productus. England and Central Europe.
Apus cancriformis. Central Europe.

grubei. Germany.
lubbocliii. Germany.

* Branchipus lacunce Gu^rin, Baird, Grube ; and B. Iraueri Frauenfeld, are regarded
by Lilljeborg (Nov. Acta Upsala (3), ix, A, p. 3) as synonyms of B. stagnalis.
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2. Eastern Europe (Eussia, &c.)-

Limnetis hracliyura.

lAmnadia tetracera. Charkow.
Estheria pestensis. Pesth.

Brancliinecta ferox. Odessa.
claviger !N"ord.maiin. Odessa.

Brancliipus Mrostratus. Charkow.
'braueri Frauenfeld. Parndorper Heide.

CMrocephalus carmmtanus Brauer. " "

Streptocephalus tormcornis. Warsaw.
Arternia salina, vars. millJiausenii.

arietina.

Icoppeniana,

h. The Mediterranean Province (including Nortliern Africa).

Estheria daJialacensis. Abyssinia.
donaciformis. Korkofan.
gubernator. Cairo.

hierosolymitana. Jerusalem.
gihoni. Jerusalem.
lofti. Bajjdad.

2 cycladoides. Algeria.
melitensis Baird.
ticinen.sis. Italy (Lombardy).

Aptis numidicus. Algeria.

cancriformis. Italy, Algeria, and Constantinople.
Branchipua eximius. Jerusalem.
Chirocephalus recticornis Brauer. Tunis.

ruhricaudatus Kosseir.
oudneyi. Fezzan.

Branchineeta ferus Brauer. Jerusalem.
Arternia sp. Egypt.
Chirocephalus hairdii Brauer. Jerusalem.

\
c. Siberian.

Limnetis brachyura. Archangel.
Polyarteniia forcipata. Northern Sweden, Lapland, Taimyr, and Si-

beria.

Branchineeta paludosa {Middendorfianus). Siberia and Lapland.
Chirocephalus claviger (Fischer). Taimyr, Siberia.

Lepidurus macrourus LiDjeborg. Archangel.

d. Manchurian.

Apus duldi Day. Afghanistan.
Apus himalayanus. (iSTorth India.)

Apus numidicus Dauria. Baikal Sea.
A2)us sp.*

* Apus sp. in Tibetan Salt Lakes. ScHagintweit, Eeisen in Hocliasien ii, 218,
1872.

24 H
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SPECIES INHABITING THE INDO-AERICAN REALM.

a. African Region. (Central Africa, White K'ilej South Africa, Cape
of Good Hope.)

JJmnetis walilbergl. Port Natal.

lAmnadia africana Brauer. White Nile.

JEstheria ruhidqei. Cape of Good Hope.
macgilHvrayi. Cape of Good Hope.
australis. Caffer-land.

Apus dispar Brauer. White Nile.

sudanicus Brauer. Chartuiu.

Branchipus ahiadi Brauer. White Nile.

Streptocephalus cafer. Port Natal.

vitreus Brauer. White Nile.

proboscidens Frauenfeld. Chartum.

h. Indian Region.

JEstheria compressa. India.

hislopi. India.

polita. India.

hoysii. India.

similis. India.

Brancliipus dicliotomiis. India.

Apus granarias. Peking.

SPECIES INHABITING THE AUSTRALIAN REALM.
Limnetis maclayana. Australia.

Limnadia stanleyana. Australia.

Apus viridis. Tasmania.
angasii. Australia.

Apus sp. New Zealand.
Lepidurus Mrici Thompson. New Zealand.

compressus Thompson. New Zealand.
From these data it appears that but a single genus is peculiar to

North America, *'. e., Ihamnoceplialus) ^Mle Polyartemia is peculiar to

the Europteo-Asiatic Region; all the other genera occur in nearly all

of the continental masses of the globe, though no Brancliipodidm occur
in Australia, and no iw^wwdm has yet been found in Asia. This cos-

mopolitan distribution of the Phylloijoda (the BrancMpodidce, the high-
est family, being excepted) points towards the high antiquity of this

group of fresh-water crnstacea. The distribution through zones across
continents, noticed by Gerstaecker, apx)ears not to be exceptional to

that of other classes. We have noticed it in Geometrid moths, and
also in mammals, the central portion of Asia rei)eating the characteris-

tics of Central North America.

ly.—MORPHOLOGY AND ANATOMY.
A transverse section of the anterior part of the body of any genus of

Phyllopods will convey an excellent idea of the leading features in their

organization, especially those by which they differ from the meinbers of
other Crustacean orders. The leading topographical features in the
body, particularly of Arthropods, are the form of the elemental seg-

ments with their appendages, and the relations of the principal anat-

omical systems to the body walls.

General relations of the systems of organs to the hody-icalls.—We will first

look at sections of representatives of the three families of Phyllopods

;

i. e., an Estheria (Plate XXIV, figs. 9, 10), Apus, Plate XXXII, fig. 2 (see

also fig. 25 in text), and a Branch iox^od, such as Thamnocephalus (Plate
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Fig. 25.—Section of j4pus. ht, heart; int, intestine:

ng, ganglion ; c, carapace; 1-G, the six cxites, 1 being
the gnatbobase

;
gill and fb, ilabelium, lepreseuting the

XIV, fig. 4) . The body-walls are rather thick and the muscles are well de-

veloped, particularly the dorsal extensor muscles, and the motor or exten-

sor muscles of the limbs, which
arise in part from the dorsal re-

gion, and in part from the sides

and sternal region. The body
cavity is rather small. The heart
is large, either cylindrical as in

Estheria, or flattened as in Tham-
iiocejylialus. The digestive tract

is large, capacious, and the cav-

ity of the head is mainly filled

with the two liver masses; the
brain being remarkably small,

whilethe nervous cord, especially

the brain and succeeding gan-
glia, are remarkably small and
weak, compared with other Crus-
tacea, either the malacostracous
or the entomostracous orders

;

this jieculiarity is well brought
out in the transverse sections,

where the diminutive size of the exltes

thoracic ganglia, particularly in Estlieria (Plate XXIY, figs. 9w, 9), is

noteworthy. The apparent bulk of the body is largely due to the large

size and nature of the leaf like or foliaceous appendages, with their

broad attachments ; the latter peculiarity is characteristic of the Branch-
iopods in gener.d and the Ph^llopods especially, and is quite different

from the definite, small coxal articulations of the legs of Malacostraca
or Cope])oda. The ovaries or testes, according to the sex, form a large

lobulated mass extending along each side of the digestive canal, as far

forward as the base of the head. Their relations in Apus are seen in

Plate XXXII, fig. 2, and in Thamnocephahts in Plate XIY, fig. 4.

Nomenclature of the hody-regions and appendages.—As the terms " head,"
"thorax," and " abdomen " are more or less inexact when used for Arthro-
poda as compared with the worms and molluscs, as well as vertebrates,
there should be suitable designations for these regions.

In 1869, in our Guide to the Study of Insects, we i)roposed the term
arthromere for the segment or ring forming the primary element in the
composition of the body of any jointed or articulated animal. The
terms "zoonule," "zoonite," "zonite," and " somite," have been used by
various authors, but these terms have been used rather indiscriminatelj',

and we therefore suggested the term arthromere for the body segments
of articulated animals (worms and arthroi)oda). While the term "somite"
or "zonite" may be properly sqjplied to i he rings of worms and other ani-

mals as tlie Chitons, we would suggest that the term arthromere be re-

stricted to the segments, or body-elements of Arthropoda.
For the three primary regions of the head the only scientific terms as

yet in use are those proposed by Prof. J. O. Westwood in Bate and
Westwood's History of British Sessile-eyed Crustacea (vol. 1, p. 3).

These are cephalon for the head, pereion for the thorax, and pleon for the
abdomen; while the thoracic feet are teYmed pereiopoda ami the abdom-
inal legs pJeo2)oda ; the three terminal pairs being called uropoda.
As the names applied to the thorax and abdomen have no especial

morphological significance, the Greek Tispaco'^, simply meaning ulterior,

and -Xeov, more, we would suggest that the head of Arthropoda be termed
the Cephalosomej the cephalic segments ceplmlomeres, and the cephalic
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appendages in general protopoda^ the term "cephalopoda" being other-

wise in use. The thorax of insects and of most of the Crustacea might
be designated the Bccnosome [fiar^o, to walk, locomotion), and the tho-

racic appendages Bceiiopoda, the segments being called hmnomeres

;

while Uroxome might be applied to the abdomen, the abdominal segments
being called uromeres. Westwood's term uropoda miglit be extended so

as to include all the abdominal appendages. The term gonopoda we
have suggested for the external organs of the Decapods concerned in

reproduction, which are simply modified uropoda. The long, slender,

antenna-like anal appendages of the cockroach, mantis, &c., correspond-

ing to the anal cerci of Acrydii, may be designated as cercopoda, and
this term might be applied to the terminal pair of uropoda of the Phyl-

lopods, i. <?., the jointed, slender, sjnnulose a])pendages of Apodidw, or

the unjointed appendages of the Branchlpodida^.

The segments of the body.—The Phyllopoda are exceptional to other

Crustacea in having an indefinite number of segments composing the

body, and in having in one family {Apodidw) more than one pair of ap-

pendages to an arthromere. While the normal number in the Decapoda
is 20, in the Phyllopods it varies from 14 in Limnetis to 47 in Apus. The
following table shows the number in different genera of American si^e-

cies:

M A SB

4) to § m
^ 03 02 ri "ctf 'i.

3 i S'

8)
CD 1-

fl

i ^ a

< ^ 3 % 'A <1 H

2 1 12 (-14) 1

2 2 23-27. 1

2 2 1 22 1

*2 1 fl 27 (60 pairs
limbs).

32 (14) 1

2 11 8 1

2 2 11 9 1

2 2 11 9 1

Limnetis .

Estlieria .

.

Iiimnadia

.

Apus

Artemia ,

Branchinecta
Branchipus ..,

17-19
29-33

28
47

25
2(5

26

* Second antennae sometimes wanting. tThe endite wanting in the American species ot Aptis.

In an Apus lucasanus 42 millimeters in length there are 60 pairs of

legs behind the maxillipedes. There are 42 segments behind the max-
illipedal segment, including the telson, and 27 limb-bearing segments,

or GO pairs of legs to 27 segments, the average being 2-2^^- appendages to

each leg-beariug segment. On the first eleven leg bearing arthromeres,

or the 10 thoracic (bsenomeres) together with the first abdominal arthro-

mere there is but a single pair of appendages to a segment, so that there

are 49 pairs of abdominal appendages to IG arthromeres, or o^V pairs of

limbs on the average to each abdominal arthromere. The fourteenth,

fifteenth, and sixteenth pairs are situated on two arthromeres, and so

on with the succeeding until the limbs become more numerous. On the

two arthromeres before the last leg-bearing one there are 12 pairs of

appendages, or G to each arthromere.
This irrelative repetition of arthromeres is only paralleled in one other

Branchiate group, the TriloUta. In this group the new segments are

interpolated between the head and abdomen at successive moults, as

shown by Barrande.
The grouping of the body segments into a cephalothorax and abdo-

men, comparable with those two regions in the Decapoda is but slightly,

if at all, indicated in the Phyllopoda. In Limnetis there is no such dis-

tinction of regions, in Apus the cephalothorax merges insensibly into the
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abdomen, and it is not uutil we ascend to the Brancliipodidcs that we
meet with a well-marked abdomen. sei)arated by tolerably clear indica-

tions from the thorax.

THE APPENDAGES IN GENERAL.

The appendages of Crustacea may be divided into four groups : First,

the sensory appendages, or antennce, which are in the adult preoral

;

second, the organs of prehension of food and of masticatibn, *. e.,the man-
dibles and accessory jaws, or maxilli© and maxillipeds, which are post-

oral ; third, organs of locomotion, whether natatorial or ambulatory,
Avhich are appended to the thoracic portion of the body; and, fourth,

the appendages of the abdomen, which are both natatorial and con-

cerned in reproduction •, of the latter are the two pairs of gonopoda* in

the Decapoda, while the eleventh pair of appendages in Apus may be
regarded as gonopods.
Spangenberg has described the mode of origin of the intromittent

organs, and has shown that they arise as two independent outgrowths
from the under side of the twelfth and thirteenth segments in Branehipics

stagnaUs^ but from his drawings they appear essentially to arise from the
twelfth. Each process or finger-shaped lobe contains a cirrus or intro-

mittent organ. These two ap])endages appear from Spangenberg's illus-

trations to be three-jointed. If so, we do not see why they should not
be properly regarded as homologous with the eleventh pair of legs of

male Apodid£e, in which, as stated by Gerstaecker, were found the male
openings for the passage of the semen. We hence regard these organs
as in general homologous with the gonopods of Decapoda, although the

latter are solid and do not act as direct intromittent organs.

It is perhaps as probable, however, that the gonopods or double intro-

mittent organ of the BrancMpodidm is homologous with the male organ of

the Copepoda, which is a double eminence, on each of which is a gen-

ital pore. The female genital outlet is in the Copepoda also situated on
the first segment of the abdomen, according to Clans.

Lankester has suggested, and it seems to us with good reason, that

in order to arrive at true conclusions with regard to the homologies of

the limbs of the Arthropoda we should " abandon altogether the use of

such terms as 'antenna,' 'mandible,' and ' maxillipede ' as homological
categories, and to applj^ them merely as descriptive terms proper to the

particular case under examination. In the consideration of homologies,

the appendages should be regarded simply as first, second, third, and
so forth, without the introduction of terras calculated by their refer-

ence to function to prejudice the argument as to homology. The first

appendage of an Arthropod, A, may be homologous with (or homo-
genous with) the first appendage, or with the second or third of another
Arthropod, B, and so on ; but ambiguity is inevitably introduced if we
attempt to in<licate this homology by the use of such terms as anten-

nule and antenna, to be applied in both cases alike, for in such cases

as the parasitic Copepoda, the various Arachnida, and the living and
fossil branchiate scorpions {Merostomata), these descriptive terms, and
others like them, are found to be absolutely contrary to fact in their

implications, and involve also debatable assumptions in reference to

ancestral primitive forms."

* I have (American Naturalist, xv, p. 831, 1881) applied the term rjonopoda (Gr. yovi),

geiieratiou ; Ttov?, TtoSoi, foot) to the first aud secoud abdominal limbs of the De-
capoda, which are, as is well known, modified into accessory generative organs.,

The term is suggested as a convenient one to nse in descriptive carcinology when
speaki*ng of either or both pairs of the basal abdominal limbs of the male Decapod.
In the female they are not modified.
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With this view, with some restrictions, we would agree, and while be-

lieving that the use of the terms antenna, mandible, maxilla or mnxil-
lipede would be authorized within the limits of the same subclass, as
the normal, neocaridan Crustacea, or the Merostomata (which we certainly
would not consider as branchiate scorpions), with the Trilohita {Palwo-
carida), or either of the three subclasses Tracheata or Insecta, i. e., Sexa-
poda, Arachnida, and Myriopoda ; the different pairs of appendages must
receive different names in different subclasses. The following table will

give our idea as to the nomenclature of the appendages in the three sub-
classes of Tracheata and the two subclasses of Branchiate Arthropods.

Table A.

fcX)

O

o

a

Hexapoda. Arachnida. Myriopoda. Crustacea (neoca-
rida decapoda).

Merostomata.
(Limulus.)

1 AntennsB

"Maxilla"

"Mandible"
"Labium"

First pair of legs..

Second pair oflegs.

Third pair of logs

.

Fourth pair of logs

Fifth pair of legs .

Sixth pair of legs .

.

Seventh pair of
legs.

Eigiithpair of logs

Ninth pair of legs

Tenth pair of legs

.

Eleventh pair of
legs.

Twelfth pair of
legs.

Thirteenth pair
of legs.

Fourteenth

Fifteenth

First antennsB ...

Second antennas .

.

Mandibles
First maxillae

Second maxillss...

First maxillipedes

Second maxilli-
pedes.

Third maxillipedes

First pair of legs
(bsenopods).

Second pair r.f legs
(bainopods).

Third pair of legs
(bffinopods).

Fourth pair oflegs
(beenopods).

Fifth pair of legs
(b;onopods).

First abdominal
legs (uropods).

Second abdominal
legs (niopods).

Third abdominal
legs (uropods).

Fourth abdominal
legs (uropods).

Fifth abdominal
legs (uropods).

Sixth abdominal
leu;s (uropods).

Telson

First (preoral)
leg.

Second (post-
oral) leg.

Third pair legs.

Fourth pair legs.

Fifth pair legs.

Sixth pair logs.

First abdominal
legs.

Second abdomi-

2

3

4

5

6

7

R

Mandibles

First maxillje
Second maxillae

(labium).
First thoracic
legs (l)renopod8).

Second thoracic
legs(bit>nopods).

Third tlior ac i c
legs (bajnopods).

First embryouic
deciduouslegs.*

Second embryonic
deciduous legs.

Tliird embryonic
deciduous lego.

Fourth embryonic
deciduous logs.

Fifth embryonic
deciduous legs.

Sixth embryonic
deciduous legs.

First pair of rhab-
dites.t

Second pair of
rliahditcs.

Third pair ofrhab-
dites.

Cercopoda of
someOrthoptera
and Neuroptera,
and anal legs of
caterpillars.

Eleventh ab-
dominal s e g -

ment in some
Orthoptera and
Psoudoneurop-
tera.

Maxilla (chela) . .

.

First thoracic leg.
Second thoracic

leg.

Third thoracic leg.

Fourth thoracic
leg.

Embryonic, decid-
uous.

....do

q ....do
nnl legs.

in ....do
legs.

11

12

13

14

15

First pair spin-
nerets.

Second pair spin-
nerets.

Third pair spin-
nerets.

Telson of scor-
pion.

Hill legs.

Fifth abdominal
legs.

Sixth pair abdom-
inal legs.

Telson (spine).

Ifi

17

18

10

'>() Sixteenth; 200th
in Geophilus.J

* See Kowalevsby, Embry., Stndien anWurmem und Arthropoden, 1871, Plate XII, fig. 10. Embryo
of Sphinx pppidi, in which* the first ten abdominal segments have temporary rudimentary appendages,
some of which persist in the caterpillar, serving as prop-legs.

t The ovipositor of insects, as wo originally pointed out in 1868 (Proc. Boston Soc. Nat. Hist., xi, 393),

is primarily composed of three pairs of appendages (called by Lacaze-Duthiers "rhabdites"), which arise
in the same way .as the legs; this view has been confirmed by Ganin, Kraepelin, and Dowitz.

J The number of movable segments in the Geophilidse, according to Newport, varies from about
35 to more than 200.
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This view as to tlie liomologies of the limbs is directly opposed to
what we have previously held, and to the views of Claparede* and
Zenker; buti)rogress in the embryology of Arthropods and of worms
has now given us a basis for better grounded views as to the homol-
ogy of the limbs of the leading groups of Arthropods. It now ap-
pears that in the higher worms the mouth is, as a rule, situated in

the first segment, the invagination of the ectoderm forming the stomo-
daeum or primitive gullet. This is seen in the Kematelminthes {Cucul-

lanusy in Nephelis^ and in LumhricuSy and is probably common to all

worms; and in the Annelida the moutli does not shift; it is a fixed

point, and the first pair of tentacles arise from the first segment. So
also is the vent or anus (proctodseum), which is the result ofan invagin-

ation of a portion of what becomes the terminal segment of the body. In
Arthropods the anus remains invariably, in all proctuchous forms, a
fixed j)oint. On the other hand the mouth shifts from a position orig-

inally^ in the embryo in front of all the appendages in the head to a point
posterior to the antennae of both pairs, when two pairs are present, as

in the Crustacea; i. e., to a position in adult life between the mandibles.
So far as we are aware we were the first to call attention to this tact

of the change from an anterior to a posterior position of the mouth in

relation to the antennae in our account of the embryology of Limulus
polyplwmus,^ where the mouth at the time of the appearance of the limbs
is anterior to the first pair of appendages. This was probably the case
with all the extinct Merostomata and Trilobita. In the normal Crus-
tacea Bobretsky* has shown that in Oniscus the mouth-opening is at

the extreme end of the body, in the antenna! segment, the middle of

the procephalic lobes or autennal segment forming the front wall or roof
of the stomodaeum. In the nauplian stage in embryo of Astacus, Reich-
enbach^ has shown that the moutli is placed directly between the first

antennae ; and in the active freshly-batched nauplius of the Copepoda,
as well as of all the Phylloj)oda, the mouth opens between the first pair

of limbs, which become finally the first pair of antennae of the adult.

In Peripatus Moseley has shown that the mouth opens in the autennal
segment, whicb really forms the procephalic lobes. In the Arachnida,
according to Claparede, all the appendages are in the embryo postoral.

In the Hexapodous insects Kowalevsky has clearly shown that the
mouth is at first situated between the antennae, which arise from the
procephalic lobes; before hatching it retires to an intermandibular posi-

tion.

The embryology of all the Arthropodan subclasses (the Myriopods
probably not excepted, this point not being shown in Metschnikoff's

Xdates) shows, then, that the mouth is not a permanent fixed point, since

in the embryo it is pre-appeudicular, while towards or at adult life ic

assumes a position behind the antennae, when functional antennae are

present, or in Arachnida and in Merostomata behind the first pair of

appendages.
An examination of the structure and homologies of the Arthropodan

brain or supra-oesophageal ganglia shows that in the Phyllopods the

* Claparede, Reclierches eur I'Evolution des Araign^es, 1862, pp. 77-87.

'Biitschli. "Entwickkiugsgescliichte der Cucullaniis elegans," Zeit. f. wiss. Zool.

sxvi, 1876.

'C O. Whitman, Embryology of Clepsine, Quart. Journ. Micros. Sc. xviii, 1878.

3 The Development of Limulus polyphemus. Mem. Bost. Soc. Nat. Hist, i, March,
1872.

•N. Bohretsky. Zur Emhryologie des Oniscus murarkis. Zeit. filr wissen. Zoologie

xxiv, 1874. See Taf. xxii, figs. 20, 23.

5S. H. Reichenbach. Die Embryoanlage und erste Entwicklung der Fluskrebses.

Zeit. fiir wissen. Zoologie, xxix, 1877. See Taf. x, fig. 8.
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brain only innervates the ocelli and eyes, the two pairs of antennae aris-

ing in Apus from the commissures connecting the supra and infra

cesophageal ganglia. In Limulus, the living representative of the Me-
rostomata, the first pair of limbs are innervated from the ganglionic sub-
cesophageal ring, and not the brain; while in most other Crustacea the
brain supplies the antenna? of both pairs, as well as the eyes. Thus,
apparently, the only sure basis for exact comparison is to begin with the
first pair of appendages and to regard them, whatever name be a^jplied,

as homologous throughout the Arthropodan series, the parasitic Isopods
and Copepods i^erhaps being counted out by reason of the degradation al
changes, which render it difficult to determine in adult life the exact
homologies of their appendages.
The general relations of the segments of the bodies of Arthropods

being similar to what exists in Annelids is to our mind a strong argu-
ment for the derivation of Tracheate and Branchiate Arthropods, each
independently, from the worms, the first pair of appendages of the Ar-
thropods being perhaps homologous with the first pair of tentacles of

Annelids.
Homologies of the labrum.—This brings us to consider in passing the

probable origin and homologies of the labrum* of Arthropods. We are
inclined to regard the labrum as possibly the homologue of the median
frontal tentacle of certain larval Annelids, for instance. If the reader
will compare Metschnikoff's figure of the temporary long, large, slender,

tentacle-like labrum of Ohelifer, the general resemblance to the frontal
unpaired tentacle of certain Annelids is suggested. We have always
regarded the clypeus and labrum as a median development, merely
forming the front wall of the mouth; embryology certainly bears out
that view. In the embryos of most insects the clypeus and labrum pro-

ject out remarkably, and may then, jjerha^js, be compared to the un-
paired, median tentacle of certain young Annelids.
The history of this organ is interesting. While in the larval Estlieria

and Limnadia the labrum is enormous, and nearly as long as the body,
thus resembling the larval Cirripedia; in the adult it becomes a small
fleshy process under the base of the second antenntie, and partly resting
on the base of the mandibles. In Limnetis (Plate XXXI, fig. 6, lab.) it

is rather large. In the Apodidm it forms a comparatively large, square,
horizontal plate (Plate XXXI, fig. 1) on the under side of the head, be-
hind the frontal doublure. In tlie Branchipodidce it is again reduced to

a small fleshy inconspicuous lobe.

The carapace.—This is greatly developed in the Idmnadiacew, where it

forms two large valves, usually with definite "lines of growth," and con-
nected over the region of the mandibles by a definite specialized hinge,
and completely encloses the body, only the second pair of antenna? and
perhaps the telson projecting beyond the edges while the animal is swim-
ming. Plate XXIV, fig. 9, shows the relation of the bivalvedcarapace
in Estheria to the body and its appendages. The hinge has a large
central median tooth projecting inwards, each valve having a sharp
denticle which strikes against the central much larger tooth. (See also

PI. XXXIII, fig. 1.

The histology of the carapace has been described briefly by Grube in

1865, but his figure (Taf. X, fig. 11) does not express satisfactorily the
nature of the soft cellular portion or layer. The cuticular layer is struc-

tureless but laminated, and it has been claimed by Prof. E. S. Morse
that the carapace valves in Estheria are due to the fact that the shell,

instead of being cast free from the body when molted, remains attached

*Hypostoma of Limulus and Trilobites.
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to the new shell nnderneath, and thus the '' lines of growth" correspond
to the successive molts of the animal. In his First Book of Zoology, p.

149, he remarks: "The concentric lines on the shell appear like lines of
growth, and such they really are; but they are not made like the lines

of growth on the mussel. When the creature molts the delicate skin
covering the antennae and swimming legs is discarded. The molting
process also takes place with the bivalve shell; but, instead of its being
discarded, the molt is held or cemented to the new shell, which forms
underneath. Molt after molt of the shell is thus retained, the increasing-

size of each molt showing as separate concentric lines of growth. If the
shell is cut into and the cut edge is examined with a microscope, the

successive molts will be seen resting one upon the other, like the leaves

of a book." This view would seem, at first sight, to be borne out by the
relation of the marginal row of spinules, which are present in most
species of Estheria, as seen in our figures of the edge of the carapace of

Estheria jonesii (Plate XXIV, fig. 2), where there are four marginal
rows of round sockets, which must originally have borne spinules like

the marginal ones. But our sections of the shells of Estheria mexicana
show that Morse's view is not tenable, as the shell, if anything, is thicker

at the edge than near the hinge, and there are no overlapping lines of

growth.* An inspection of the broken shell of E. jonesii (Plate XXIV,,
tig. 2) shows that the ridges or so-called lines of growth are superficial,

and, like the rows of beads and tubercles on the shells of the other

species, together with the spines themselves, are merely external orna-

mentation; for when the shell is broken and split, as in our fig. 2 of

this plate, they are seen not to extend through the shell, there being
irregular, not parallel, structural, lines in the substance of the shell.

That the entire shell is molted with the integument or cuticula of the

head and appendages is also shown by the fact that the carapace-valves
of Limnetis show no such lines of growth, nor the carapace of Apus. So
that, in respect to the casting of the carapace, the process in the Limna-
uiadse is not an exception to that in other Crustacea where the cuticula

of the entire body-wall is cast at once. Hence it would appear that the
so-called "lines of growth" may be simply a superficial ornamentation,
the ridges difleiing in diiferent species.

That the shell of Estheria mexicana is cast at each molt is shown by a
number of sections where the new chitinous shell is seen lying next to

the hypodermis and the shell about to be cast is split oil'; also near the
hinge, and especially over it, the shell is absorbed, so that the hinge
margin is not cast. The old shell was also in our sections divided into

three layers.. Glaus also states that Estheria mexicana casts its shell.

It is probable that each species of Estheria has a row of spinules

along the edge of the carapace-valves ; we have found these spinules

very long and slender in Estheria helfragei and E. mexicana., very short

in E. jonesii and E. lindahli. We have not observed any in E. califor-

nica, nor has Lenz.

*According to Joly and Klnnziriger in Estheria and Limnadia during the moulting as

seen in repeated precise periods, only the delicate layer lining the inside of the shell

is cast off' with the skin of the telson, the hardened lamellated outer layer not only
remains, but forms each time a new marginal zone. Since the inner layer is a direct

continuation of the delicate body-skin, so is a periodical renovation of the same througk
a process of formation arising from the underlying matrix evidently found at each
moulting of the telson ; at the same time, however, this matrix, while it adds to the
extent of the surface, also externally produces a new layer which, on the other hand,
lies under that last formed and projects from the edge. In this way with the general
growth of the shell, not only the lamellse overlying one another, but also the concen-
tric lines, each one of which corresponds to a line of growth, find their simple expla-

nation, and hence the view of Glaus, who considered that the whole shell was cast at

each moulting and was newly formed, cannot be the true one.
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The structure of the hypodermis is seen in fig. 7, Plate XXXIIT. The
sets of curved fibers (/) are arranged in upright bundles, with some
transverse fibers, the ends of the former radiating at the surface and
forming the stellated appearance so characteristic of the surface of the
integument in these Phyllopods. The spaces between the bundles are
not hollow, as represented by Grube ; but in the specimens we examined
besides numerous smaller cells there is a very large central cell {I. c),
which is perhaps actively concerned in secreting the shell.

The shell-gland (Plate XXIV, fig. 9, shg) is seen to be a specialized
portion of the cellular layer of the carapace; the cells glandular in their
nature and secreting the material for the shell or cuticle, which is dis-

tributed by the three primary ducts represented by the six openings seen
in the drawing. The structure of the shell-gland in the Phyllopoda has
been fully described by authors, jjarticularly by Leydig, Claus, etc.

While the carapace is well developed in the Limnadiadce, with the Ajpo-
didm it is very much smaller, covering only the cephalothoracic portions,
lea^dng the abdomen exposed, so far as cephalothorax and abdomen
may be said to exist in the Phyllopoda. The carapace is largest in the
lower species and smaller in what we regard the higher sijecies in the
genera Lepidurus and Apus, respectively. In this family, therefore,
its small size in adult life is a sign of superiority 5 as when it is large
and covers most of the abdomen, it approaches nearly the larval con-
dition of the species, and also the Limnadiad nature of the carapace,
and in this respect, as well as in regard to the head, the Apodidm are
but one step removed from the Limnadiadce.

It also appears that the carapace is, as in Decapods, due to the hyper-
trophy of the tergum of the mandibular segment, the adductor muscle
being situated immediately over the mandibular adductor muscles.

In the adult Branchipodid^e the carapace is entirelv wanting. In
adult life the shell -glands persist (PI. XXIII, figs. 1, 2,\jl.). Thus the
Branchipodidm are the extreme in the Phyllopod series, and stand at
the head of the suborder, and hence as regards the carapace the devel-
opment of the individual Branchiopod is in a degree an epitome of that
of the suborder ; and we have already seen that this succession or rel-

ative standing of the three families of Phyllopods accords with the geo-
logical succession of the genera Estheria., Apns, and BrancM/pus.

Morphology of the head.—The relative size and form of the head va-
ries greatly in the three families of the Phyllopoda. In Ijimnetis the
head is enormous in size and about equals in bulk the rest of the body;
this is due to the great development of the sternal side, but especially
of the tergal portion in front of the eyes. In respect to the great bulk
of the head the Limnadiadce, and esi>ecially Limnetis, are connecting
links between the Cladocera and Phyllopoda. Ih the Cladocerous gen-
era Baphnia, and es]jecially Acroderus as figured by Leydig, the head
and particularly the frontal region is greatly developed, though much
less specialized than in the Limnadiadce. Por example, the front is

produced into a large, broad, solid preocular subregion, forming the
rostrum, which is acutely mucronate at the tip in the females, broad and
truncate in the males ; behind this is a broad, solid region in Avhich
the eyes are situated. The head, in fact, may be divided into a distinct,

specialized preoral antenniferous and oculiferous, or sensory; and into
a postoral region ; the preoral region in Limnetis and Estheria maj' be
subdivided into two, namely, a preocular and an ocular subregion. In
Limnetis the preoral region is separated from the rest of the head by a
deei) suture, and in Estheria there is a deep dorsal incision, allowing a
considerable play of this region upon the postoral region. In Limnadia
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the whole preocular subregion is wanting, the head under the eyes rap-

idly retreating backward and downward. This great development of

the preocular region is probably connected with the burrowing habits

of these Crustacea, which take refuge in the soft mud at the bpttom of

Ijonds.

In A2ms and Lepidiirus {Apodidce) the head is shovel-shaped, being

also adapted for burrowing like a Limulus in soft mud; in this family

the preoral region is very farge, but instead of being compressed, it is

flattened vertically, or shovel-shaped.

In the more highly differentiated BrancMpodidce the head is small in

proportion to the rest of the body, and more completely differentiated

or separate from the thoracic portion of the trunk, and the bulk of the

head is composed of the preoral region; the postoral, as seen in fig. 2,

Plate XI, carrying the mandibles and the nearly obsolete maxillae, and
forming what appears as a single segment, a little smaller than the first

limb-bearing segment next behind it. In this family the preocular re-

gion of Limnetis and Estheria is reduced to a minimum and is repre-

sented by the small triangular frontal, inter-antennal lobe, which in

BrancMpus and Ghirocephalus is subdivided into two appendages of

various complicated shapes. There is, thus, as we ascend from Limnetis

to BrancJiipus a more or less gradual differentiatiqn and condensation

of the head; and the head of Apus approximates in form the Estherian

type.
The postoral region bears the mandibles and maxillse, and maxillipedes

when present, and merges insensibly into the limb-bearing or thoracic

region (bsenosome), so that there is in the Phyllopoda only a slightly-

marked cephalothoracic region, the urosome also being but slightly dif-

ferentiated from the bsenosome.
The urosome or abdomen.—This region, so well marked in the Beca-

poda^ is in the, lower Phyllopods not differentiated from the cephalo-

thoracic, no arthromeres being in the Limnadiadce interposed between the

last limb-bearing or appendigerous arthromere and the telson. The ex-

ternal genital organs, which may serve to roughly indicate the limits

between the cejjhalothorax and the abdomen are wanting in the Limna-
diadw.
In Apus and Lepidurus the eleventh pair of feet (first pair of uropods)

are modified to form ovisacs, but there are numerous pairs of uropoda
beyond, and there is no regional distinction of even the slightest descrip-

tion between the limb-bearing segments and the telson. In the Branchi-

IJodidcc, however, a differentiation into a head, thorax, and abdomen is

tolerably marked. As may be seen by reference to figs. 1 and 2 of Plat€

IX, and Plate XXII, fig. 3, the last pair of limbs are, in the male, modi-

fied to form a penis-like organ, which is double at base and is developed
from a «ingle segment. In the female Apodidce the oviducts oi^en ex-

ternally into the same segment as that which bears the ovisac, and we
are disposed to regard the ovisac as an extreme modification of the

gonopods; as in Branchipus and Artemia, Plate XXII, fig. 2, this organ

is at base bilaterally symmetrical. The abdomen, then, of Branchinecta
and Branchipus, for example, consists of nine segments, including the

last, which corresponds to the telson of the lower Phyllopods.
In the Becapoda the first pair of gonopods (there being two pairs cor-

responding to the first and second abdominal feet of the females) is

situated on the first abdominal segment, and thus the Branchipodid?e

somewhat approach the Decapods in this respect. It will also be re-

membered that in Limulus the genital outlets of both sexes are in the

first abdominal segments. Whether, however, the eleventh i)air of feet
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in Apus should be regarded as the first abdominal pair or not must, it

seems to us, reuaaiu an open question ; there seems, however, to be no
other line of demarkatiou in the family which this genus represents.

The telson.—This portion of the abdomen, sometimes called "post-
abdomen," is large and w^ell differentiated in the two lower families,

especially in Estheria—where it is compressed, high, armed above with
numerous spines, and bearing below a pair of modified caudal a]>

pendages which we shall consider under the head of the appendages.
We will rapidly recall the salient points in the form of the telson in

the three families of Phyllopods. In Limnetis the telson is much as in
some OkcZocera, being small, without teeth along the upper edge, though
still bearing the pair of dorsal filaments (see £«g. 4, in text, and Plate
I, fig. 0). These are also present in certain Cladocera, Daphnia, Bosmina^
&c., and in several genera aMied to Baphnia, Alona, Pleuroxus, &c., the
upper edge is dentate or spinedj this with other features in Limnetis
shows that the Phyllopods have probably descended from Cladocera-like
ancestors. In Estheria and Limnadia the telson is large and densely
spined along the upper edge. The large spiny telson is probably of
use to aid the animal in pushing itself through submerged dense vege-
tation, for all that portion of the body which can be thrust out between
the valves is armed with stout spines, whereas in Limnetis, only the
telson can project beyond the edge of the carapace valves.
In Apus the telson is nearly cylindrical, short and small, and flattened

from above downwards, and is without much functional value, though
the cercopods are of use in swimming; but in Lepidurus it is produced
into a long spatulate portion like a beaver's tail, and which must give
it an advantage over Apus in extricating itself from muddy places.
In the Branchipodidm the telson assumes the form of a simple segment,

cylindrical, soft, unarmed, b.ut in Thamnocephalus becoming very broad
and flattened into a lateral fin-like expansion and without any caudal
appendages, which are always present in the other genera of the family.
What we call the telson, and which is simply the last abdominal seg-

ment, is called by Gerstaecker, and we suppose earlier authors, the "post-
abdomen." Some authors, the most recent, Gerstaecker in Bronn's
Classen und Ordnungen,&c., speak of the "abdomen" and "postabdo-
men " in the Branchipodidcc, but they do not state where the tibdomen
begins. The term " postabdomen " is applied to the last eight [Artemia]
or nine [Branchipus, &c.) segments of the body {uromeres), but we see
no good reason for not regarding these segments as forming a true ab-
domen (urosome), the first segment, or ninth from the end, in Branchi-
pus bearing the external reproductive organs. We really see no need
of employing the term "postabdomen" in speaking of any Branchiiiod,
nor in fact, so far as we are aware, does it have any special significance
in other groups. We here consider the so-called " postabdomen 'i. of the
Limnadiadce and Apodidw as the telson, and the homologue of the telson
in the macrurous Becapoda.

The eyes.—There are in the lower Phyllopoda but a single pair of com-
pound or facetted eyes, but in the BrmicMpodidce the simple, unpaired
eye of the larva is retained. In the Limnadiadm these are sessile ; in

the BrancMpodidcB they are stalked. The structure of the eye of Apus
cancriformis and Branchipus (species not named) has been described
and in part figured by Grenacher in his great work "Untersuchungen
liber das Sehorgan der Arthropoden " (1879). The eye of Branchipus
stagnalis has previously been investigated by Leydig in 1851 ; and that
of Estheria californica by Lenz in 1876. The eye of Limnetis has appar-
ently not been investigated, and our own observations on it are but
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fragmentary and superiScial. The eyes are closely approximate, ap-
pearing as a single eye. Unlike that of Estlieria the number of lenses
is small. Plate II, fig. 6, represents the eye of Limnetis gouldii, a circle

of crystalline lenses surrounding the central pigment mass or retina.

The lenses are contiguous, the pigment not extending between them as
in Artemia, Plate XXHI, fig. 6. Plate II, fig. 5, represents the two
optic nerves and optic ganglia, the cornea with the crystalline lenses
and pigment layer having been torn off with the needle. The optic

nerves are very thick, and instead of, as usual, being composed solely

of nerve fibers, appear to be largely made up of nerve cells ; fig. 5 a
representsan enlarged view from near themiddle of the optic nerve, which
is made up almost wholly of strings of nerve cells. Toward the distal

ends of each optic nerve converge delicate fibers which connect the cells

of the optic ganglion with the optic nerves. An enlarged view of the
optic ganglion is seen in Plate XXIX, fig. !>. The ganglion cells are not
very numerous nor crowded; they are nucleated and nucleolated, and a
nerve-fiber broad, triangular next to the cell, rapidly diminishes in size

towards the middle of the fiber. It is interesting to notice the inter-

communication in the median line of the head between the two eyes; a
small number of cells on the opposing edges of each eye are seen to send
transverse nerve-fibers (fig. 9, tr. n.) across to the opposite optic gang-
lion; though externally the system of crystalline lenses do not quite

touch each other. We have not examined the crystalline lenses of
Limnetis.
The eye of Estlieria is nearly on the same general plan as in Limnetis.

Lenz has discovered that the lenses are composed of five segments, in-

stead of two, the usual number in Crustacea, particularly A2)us and
Brancliipiis.

The inner structure of the eye of Artemia was studied on the living

specimens, Plate XXIII, figs. 1 and 6. Fig. 1 shows the general relation

of the sessile square simple eye and of the stalked compound eyes to the
head and also to the brain. Fig. 6 represents the relations of the eye
and its optic lobe to the eye-stalk of the living animal. The optic nerve
is in the center; the large rectus muscle of the eye is situated on the
hinder or outer side of the stalk, arising near the brain and being in-

serted on the cornea at the base of the eye near the first crystalline lens;

the exact mode of insertion was not observed. The blood circulates

freely, flowing from the head along the anterior side of the outstretched
eye, the corpuscles, of different sizes and not very numerous, x)assing be-
tween the 0]3tic nervules (op. n.) and returning, as the arrows indicate,

along each side of the rectus muscle back to the head.
The general structure of the eye of Artemia gracilis is much as repre-

sented by Leydig in Branchipus stagnalis ; the ganglion opticum, how-
ever, is in our specimen of Artemia comijosed of but a single mass, not
of two distinct masses connected by coarse nerve-fibers. From the
ganglion opticum about a dozen optic nervules penetrate the retina, which
is larger in j)roportion to the eye than represented in Leydig's figure;

the superficial circle of crystalline lenses or cones showing very plainly.

The question as to whether the eyes of Crustacea, particularly the
stalked eyes, are homologous with the other appendages, and thus rep-

resent distinct segments of the head, and which is still held by some
naturalists, may, it seems to us, be set at rest by examining the eyes of
Phyllopod Crustacea. In the Limnadiadce and Apodidw, where the eyes
are sessile, it is easy to see, particularly in Limnetis and Limnadia, that
the eyes are modified epidermal cells covering the ends of the optic

nerves. They are situated on the front or upper walls or tergum of the
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first antennal segment; and, as it is a general law that but a sinp;1e

pair of appendages are borne by a single segment, we should not expect
to find the law broken in this case, at least as regards the cephalic seg-
ments.
When we come to the BrancMpodidce, where the eye is mounted on a

long moveable stalk, they are still plainly tergal outgrowths of an an-
tennal segment. The embryological history of the eyes would also prove
that the eyes in all stalked Crustacea first begin as a si)ecialized group
of epidermal cells, developing on the anterior segment of the head; even
in the zoea of Decapods, the eyes remain sessile until just before the
hatching of the larva; the growth of the stalk is one of the latest
changes in embryonic life. If the eve-stalk were homologous in its his-

tory and structure with the limbs, then why should not the stalk in the
stalk-eyed species bud out from an independent primitive segment, a«
do the appendages of the cephalothorax and abdomen? Instead of that,

the stalks on which the eyes are situated are developed, very late in em-
bryonic life, and are eviiiently not derived from ancestral forms ; while
in all stalk-eyed forms, whether Phyllopoda, Phyllocarida, or Decapoda,
the stalk is preeminently an adajjtive feature of the head, and is de-
veloped on the first antennal segment.

TJie first antennoe.—The Phyllopoda have, with the excei)tion of in-

dividual ApodidflB, invariably two pairs of anteniite. They are, however,
very unequally developed, the first pair being minute and smaller than
the second pair, excei>t in Apodidw, where the second pair are minute
and sometimes wanting. In Limnetis they are minute and difficult to
find. Their position and size in relation to the first pair are well shown
by Mr. Burgess in Fig. 4 (in text). They are there seen to be inserted
quite in advance of the second pair, and to be slender and two-jointed.
Those of L. gouldii are much slenderer than in L. brevifrons.

In Estheria and Limnadia they are much larger and longer, multiar-
ticulate, the joints, however, not well defined on the inner edge; they
appear to be inserted behind the second pair, but careful examination
shows that they originate anteriorly. In the Apodidm the first antennse
are much larger than the second pair, but small as they are, and appar-
ently almost functionless, they are yet invariably present. The relative
size and form of the two pairs are shown on Plate XXXII, figs. 2rt, 25.

Thefirstpair areinsertedon the vertical inner wall of the frontal doublure.
They are slender, two-jointed, and by their position and dimiiiutive size

must be nearly useless to the animal, and only the survival of larval
organs. In the Brancliipodidce the first autennte resume somewhat of
their normal size and importance, being rather long, slender, filamental
appendages, but not jointed. The histology of the first antennae in Lim-
netis has not been previously noticed. Under a high power, those of
Limnetis gouldii (Plate XXVI. figs. 4, 4a*) are seen to be provided along
the outer edge with long, slender sense-filaments, rather more closely
crowded and better developed at the end than along the side. The sub-
stance of the joint is rich in cells which are not closely crowded, and are
arranged in series ending at the base of the sense-filaments, where the
cells become more closely crowded. These cells occur at the base of the
sense-filaments, but elsewhere in the filament there are only minute scat-

tered corpuscles o± the size of the nuclei of the sense-cell. In L. brevi-

frons (figs. 5, 5a) the histological structure is nearly the same, but the

* In Fig. 4, whicli represents tlie second joint of the antenna, tLe left side lias been
omitted by the artist. The line -wliicli should have been drawn here has wrongly been
added to the right side of Hg. 4a.
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sense-filaments, or what we may call tlie olfactory filaments, are smaller

and less numerous than in L. gouldii.

In Estlieria mexicana, Plate XXIX, fig. 1, la, 1&, the segments on
the anterior side are piu)duced into what may be called the olfactory tu-

bercles, which give a bluntly serrate outline to this side of the antenna
in contrast to the even opposite or inner side. In fig. 1, the antenna!
nerve {at. n.), where the sense cells and tubercles do not occur, is seen

passing through the middle of the antenna, and the ends of the fibers

disappear among the nerve cells, which crowd the olfactory tubercles

(fig. lb, ol.). In this species no olfactory filaments were observed to be
present. In Ustheria compleximanus however, Plate V, figs. 3, 4, they are

well developed, two or three, and sometimes more, short filaments arising

from the tubercles, which are more acute than in JE. mexicana (from

Kansas). The structure of the olfactory papillae {pi, paj).) is nearly

identical with those of lAmnetis. The ultimate fibers of the olfactory

nerves are here plainly seen to enter the mass of nerve cells.

In Limnadia texana, Plate XXVI, fig. 3, the joints of the antennse

are more richly charged with nerve cells, which are rather smaller than
in Estlieria compleximanus, though those of the latter species are larger

than in E. mexicana. The histological structure of the first antennse in the

present family is quite unlike that of the same appendages in the Apodidm
and Branchipodidw ; and reasoning by exclusion, and taking into account
the fact that this pair of antenups do not project much beyond the edges
of the valves, and that they are placed very near the jaws and mouth-
opening, and also bearing in mind the great abundance of the sense-

cells, we are inclined to believe them to be either olfactory or gustatory
in function, and that in this family at least the first antennae are mainly
organs of smell or taste. We have often observed Limnetis gouldii, swim-
ming quite rapidly on its back at the surface of the w^ater, apparently
feeding upon the vegetable matter floating on the surface ; during its

movements it would stoi^ and feed upon some object, as if arrested by
its smell. The sense lodged in these organs are therefore restricted

either to the sense of smell or taste, probably the former.

The finer structure of the antennas of Apus has not been examined,
and it is probable in an indifferent state. That of the first antennae of

Branchipodido} is quite simijle. Plate XXIX, fig. 6, represents the first

antenna of BrancJiipus vernalis greatly enlarged. It is simpler in struc-

ture than in the European B. stagnalis as figured by Leydig (Sieb. u.

Koll. Zeits. Wiss. ZooL, iii, PI. VIII, fig. 8), since it lacks the series of

seven sense filaments ending in knobs of the European species, though
the three terminal setae are much longer. In our species the antennae
are seen to be unjointed throughout its whole length. Two nerves, one
on each side (fig. Qn), and composed of several fibers with here and
there a ganglion cell, approach each other in the middle o± the append-
age, where they are reinforced by a ganglion cell or two. At n' two
nerves are seen passing along the center of the appendage ; at ^ c are

situated several ganglion cells in the nerves, which finally lose them-
selves in a terminal mass of small compact ganglion cells, situated at

the base of the three setae. Leydig only figures five cells, where in B.
vernalis they are smaUer and much more numerous. It seems obvious
that in this family the first antennae only possess the sense of touch.

On Plate XXXIV, fig. 4, Dr. Gissler has figured the first antenna
of the larva of iStreptocephalus texamis, from Kansas, and it will be seen
that the histological structure is rather different from that of the adult

Branchipus. The ganglion cells are more abundant at the base of the
antennae ; the nerve passes along the center, is reinforced by a few large
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spindle-shaped ganglion-cells before terminating in the spherical gan-
glion-cells at the insertion of the three setse. The same general ar-

rangement of the nerve-fibers and cells is seen in the same organs earlier

in life at fig. 3.

In Chirocephalus Jiolmani, according to Dr. Gissler's figure, the first an-

tennae each bear not only three terminal setse, but also a series of about
five sense-setse like a ten-pin (Fig. 8). These are apparently homologous
with the olfactory cylinders of Leydig* on the smaller antennae of Asel-

lus aquaticus.

The second antenncc.—These are not apparently organs of any special

sense. In the Limnadiadce they are evidently derived from the "ruder-
arme " of the Oladocera, being large, long, biramous appendages of con-

stant use as oars in swimming, the long setae assisting in the oar-like

movements. The form is very persistent in this family, the use of the
appendages being the same in each genus.
In the BrancJiipodidce, the second antennae of the males are modified

in a striking way, which afford apparently good specific characters useful

in such a difficult genus as StreptocephaUcs. As clasping organs their

use is seen in the engraving of Artemia (fig. 17 in text). The rounded
sinus between their bases just fit over so as to inclose the back of

the female, and the two knob-like processes further seem to hold her
fast; in Branchinecta the structure of the base of the claspers is the
same, while the simple unarmed second joint is not particularly well fitted

for prehension. In Branchipus each second joint has a stout spine
pointing inward which acts as a prehensile apparatus, as has Streptoce-

phalus, in which also the second joint is variously divided into prehensile
parts.

In Chirocephalus and Thamnocephalus the second joint is incurved,
and thus rendered sufficiently j)rehensile.

It appears, then, that the highly specialized male second antennae
have lost perhaps altogether their sensory functions, or their use as
swimming organs, like those of the LimnadiadcB^ and are simr)ly of use
as clasping organs and minister solely to the reproductive function.

In the Apodidce^ as stated by Lankester (Quart. Jour. Micr. Sc, April
1881, p. 346), the existence of the second pair of antennae has recently
been denied. "Zaddach states that they were generally absent in A.
cancriformis, but were found by him in two'cases; Huxley states that
he was unable to find them in Apus glacialis examined by him, whilst
Glaus, whose statements have the very greatest weight, both on account
of his extended investigation of the morphology of the Crustacea and of
his special observations on the development oi^ Apus and Branchipus,
brings forward the total absence of the second pair of praeoral append-
ages in Apus, as a special characteristic of the family Apusidae." Gers-
taecker simply, in reference to this point, quotes Zaddach's statement.
Lankester adds "In the adult Apus cancriformis and Apus dulcii, from
Affghanistan (?A. himalayanus), this second pair of j)rasoral append-
ages, although reduced to a rudimentary condition, is always present,

* Leydig, F. Ueber Geruchs- unci Gebororgan der Krobse und Insecten. Reichert u.

du Bois-Raymond's Archiv. 1860, Tab, 7, fig. 4.

Spangenberg (on Limnadia hermanni, Zeits. fiir W. Zoologie Suppl. 1878) tbus de-

scribes the taste-organs. On the 1st antennae "they arc situated—usually six in num-
ber—as small, clear points on the hinder nuich-swoUeu surface of the base of the an-
tennae, and may be traced back, as all these taste-filaments, to the spines on the nau-
plius-antennae. The structures on the base of the known pale taste-cylinder, described
by Clans as 'highly characteristic shaped nerve-pins,' are the young taste-cylinders,

reaching out in the succeeding moult, and are not of a nervous nature, but cuticular
early growths."



PACKAED.] MOEPHOLOGY OF PHYLLOPODA. 385

SO far as my observations go. I have found them always present
in full-grown specimens of Apus cancriformis from Munich, from Prag,
and from Padua."
In specimens of Apus cancriformis kindly sent us by Professor Sie-

bold, of Munich, we have found the second antennae to be inserted on the
inner declivity of the frontal doublure forming the front of the head,
and inserted iDehind the first antennae, and farther out from the labram
than the first antennae. They are in form as described and figured by
Lankester. I also found them in my examples of Apus Mmalayamis, and,
as in A. cancriformis, they are larger and more easily found than in the
American species.

On looking for the second antennae in our American species I was at

first unable to find them, they were so minute and so closely appressed to

the body. In specimens of Lepidurus couesii which were well preserved
the antennas were found, but none in L. bilohatus, of which I had but two
indifferently preserved specimens. Figs. 2&, 2c, of Plate XXXII, show
their relative size in Apus lucasanus, both being drawn to the same
scale. In order to find them the mandibles have to be forcibly moved
backward. They were also found in Ajnis newberryi, A. wqualis, and in

A. longicaudatuSj but in all these American species they are mnch smaller
and more difi&cult to find than in the European and Asiatic species ; a
point of some interest, which coupled with the greater obsolescence o^
the maxillipedes and the smaller carapace shows that the American
species have reached a stage farther removed from the larval condition
than the Old World forms.

Histology.—The histological structure of the 2d antennae of the Limna-
diadw is shown at fig. 2, Plate XXIX, which represents the three terminal
joints of one of the llagella of the second antennae of JEstheria. Thejoints
are seen to be crowded with nerves ofspecialsense, and the antennal nerve
is seen to terminate in fibers, one of which passes into each seta ; so that
these organs must be highly sensitive, perhaps only tactile, however,
while they are also rowing or swimming organs.

TJie mandibles.—All Phyllopoda have well-developed mandibles, ex-

cept in the highest or most specialized family, the Brancliipodidoi, in
which they are weak and feeble in function, though with primarily the
form common to the group.

In the Limnadiadw (according to Lilljeborg), in Limnadia gigas, and as
we have observed in the Apodidw, the mandibles are without a palpus in
the adult, and are solid chitinous appendages with the biting edge either
snaooth, as in Limnadiadw, or provided with strong smnte, teeth as m
Lepidurus and Apus. (Plate XXI, figs. 11, 12.)

When we look at the larval mandibles of Ap^is, which are represented
by Dr. Gissler (Plate XXXY, fig. 1, md), it is not only plain that
they are the third and last pair of the limbs of the Xauplius, but it is

also plain that the mandible originally consists of two portions, the
basal joint with its masticating edge and the two-jointed palpus; this
palpiform appendage becomes absorbed or at any rate disappears in the
two families under consideration, and it is easy to see that the mandible
proper represents or is the homologue of the basal joint of the axis of
the limb, together with the first endite, coxal lobe, or gnathobase of the
adult Limnadiad or Apodid leg (e. g., Plate V, figs. 5 1\ la ; Plate XXI,
fig. Acl).

In the Apodidae the cutting edge of the mandible is provided with
eight or nine teeth, which are naturally less blunt in the adult than in
the larva (see Plate XXXV, fig. 4, 4a palpus).
In the Branchipodidw the mandibles, as shown by Spangenberg (suppl.

25 H
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Taf. I, Fig. 6, md), retain the palpus, wMcli is represented by a single se-

tose bristle, the remnants of the large part of the Xanplian third leg. The
teeth on the cutting edge in Branchipus stagnalis are finer and more nu-

merous than in the two other families.

The first maxillce.—Succeeding the mandibles are two pairs of maxillse

in the Limnadiadce and Branchipodidce, while in theApodidw there appears
to be but a single pair of maxillae, which are succeeded by a rudimen-
tary gill-beariug appendage, the maxillipede. The first pair of raaxilloe

in Limnadia gif/as are described and figured by Lilljeborg; those of

Ustheria mexicana by Claus. According to Lilljeborg the first maxilla

of Limnadia consists of but a single lobe with very numerous uniformly

dense, fine, slender, and very long setose setse.

In the ApodidcD the first maxillie consist of two parts, the basal (Plate

XXI, figs. 9, 10), which consists of a single large chitinous piece, with
the free cutting edge provided with two kinds of teeth, an inner sub-

nwirginal row of stout, acutely triangular teeth, while there is a mar-
ginal row of hair-like setae. In Lepidurus the external portion of the

cutting edge is somewhat differentiated, there being here, as seen in

Plate XXI, fig. 0, a specialized portion with three stout teeth ; this

becomes obliterated in Apus lucasanus, but in the larva of the same
species, as Dr. Gissler's drawing (Plate XXXV, fig. 5) shows, this por-

tion is at first separate from the rest of the cutting edge, and in Lepi-

dtirns this feature is retained in adult life. Situated close behind the
large chitinous portion and loosely connected with it at base is what I

should regard as the palpus (Plate XXI, figs. 7, 8, 13); that this should
be regarded as a portion of the first maxilla is, I think, proved by ref-

erence to the condition of the maxilla in the larva. By reference to Dr.
Gissler's figure of the maxilla of the larval Apus lucasamis this palpus-

like portion is clearly seen to be a large fiat bilobed portion lying behind
but next to the outer part of the cutting edge of the maxilla.

The maxilla proper, i. e., the cutting or main portion of the appendage,
is with good reason homologizcd by Lankester with the first endite or

coxal lobe (bis gnatliobase) of the feet of A|)us. The piece which we
regard as the palpus, Lankester is apparently disposed to regard as a
part of the maxilla, and not, as Zaddach thought, the second maxilla.

In the Branchipodidce the first maxillae have been best described and
figured by Spaugenberg (Taf. I, fig. 5). It consists of a broad, flat

maxilla, the inner edge, i. e., that corresponding to the cutting toothed
edge of the maxilla of Apus, but which is smooth, with fine, delicate,

hair-like setse; while appended to it on the hinder side is a large palpus
with long, slender, stiff setie. The same parts are reprcsente< I by Dr. Giss-

ler in the first maxilla of the larval Streptocephahis texamis (PhitaXXXIV,
fig. C), where the maxilla without setse and its stout palpus with two
sets of setoe are represented. When the larva is 5 millimetres in length

a considerable change has taken place in the palpus ; one of the outer set

of bristles has become barbed; while the inner set, originally composed
of three setose bristles, is now composed of eleven setae.

The second, maxillce.—In Limnadia gigas, according to Lilljeborg, the
second pair of maxillae are very much smaller than the first pair, and are

rounded on the free edge, which is ijrovided with long setiferous bristles

and short stout ones.

In the advanced larva of Ustheria according to Claus's " TJntersuchun-

gen," etc, Taf. xix, fig. 1, the second maxilhe are very small, slender, two-

jointed appendages, consisting of two portions, apparently the maxilla

proper and an outer, slender i)alpus.
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In the Apodidce no traces have yet been discovered of the second max-
illae.

In the Branchipodid(B they are present. Spanj^enberg figures them in

Brancliipus stagnalis as a pair of single elongated oval appendages, very
minute, and ending in a long setose bristle, with a group of smaller

setse on the inside near the middle, next to the first maxillae.

Gissler has figured them in Streptocephalus tcxamis (Plate XXXIV,
fig. Gni^), where they are represented as oval bodies, with two setae, hav-

ing nearly the same form as in the adult Branchiims stagnalis, but less

setose.

The maxilUpedes.—These organs, which are here called raaxillipedes

because they bear a gill, are characteristic of the Apodidw alone. No such
appendages have been found in the Limnadiadce or Brancliipodidw, and
thus those of the Apodidce may yet be proved to be homologues of the

second maxillae of those two families, true second maxillae not existing

in the Apodidw, though it should be borne in mind that they constitute

in the Apodidce the second pair of appendages behind the mandibles,

and thus occupy the place of the second maxillae of the two other Phyl-

lopodous families.

The maxillipedes of Apus cancriformis have been described and well

figured by Lankester ; we have found them as he describes in our speci-

mens of this species, and also in Apus Mmalayanus.
We have also found them in Lepidurus couesii and L. hilohatus, the

spiny inner appendage or first endite corresponding to the maxilliform

coxal lobe (gnathobase of Lankester) of the succeeding feet.

Lankester says of this endital portion of the appendage, after speak-
ing of the gill, or what he calls the " bract," " The ot.her process is an
oval chitinous plate, with long marginal setae {en') ; it may possibly

represent the flabellum, but more probably one of the endites, perhaps
endite 1 (the gnathobase). There is no means of deciding this point, for

Glaus gives but a very slight allusion to the early condition of this aj)-

pendage in his account of the development of Apus."
On carefully examining our four American species of Apus, none

were found to have the endite of the maxillipedes present, only the gill

or exite being developed. It thus appears that in the aljsence of the
endite of the maxillipedes, and in the nearly obsolete second antennae,

the American species of Apus have advanced, so to speak, a step farther

than the Old World species of the genus, which have retained the Lepi-

durus condition; and in this respect as well as in the smaller carapace
and the longer abdomen, the genus Apus stands above Lepidurus. The
history of the maxillipede in the development of the early stages needs
special research, as it will be most interesting to learn the date of its

appearance, its structural changes during the metamorphosis of the
individual, and the final disappearance of the endite in the American
species.

The tlioracie feet or hcenopods.—Although the differences between the
first eleven pairs of feet and those succeeding in the Apodidce, or the
thoracic feet and so-called abdominal feet in the Limnadiadw, are but very
slight, and they mainly differ as regards the abdominal members, in hav-
ing genital openings situated upon one (the anterior) pair, so that on the
whole the distinction seems artificial, yet when we ascend to the Branchi-
podidce, where the abdomen is differentiated from the thorax, and has
but a single pair of appendages (the gonopoda), it is easy to see that all

the members in front of the external reproductive appendages may be
properly designated as thoracic (baenosomal). We will, then, in this

jjaper consider the external opening of the oviduct in the female, and
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the genital pore of the male Limnadiadce and the Apoclidce, together with
the gonopoda of the male Branchipodida;, as indicating the line dividing
the thorax (baenosome) from the abdomen (urosome).

In the Limnadiadce the female btenopods are remarkably uniform in

appearance ; in the males, however, the first pair (Limnetis) and in

JEstheria and Idmnadia the first two pairs have the fourth to sixth

eudites transformed into a grasping or hand-like extremity, whose
structure is very interesting.

We will first describe the thoracic foot of the female, as it is simpler
in structure than in the male. As seen on Plate I, figs. 3 and 4, Plate II,

fig\ 1, in Limnetis the axis or trunk of the limb is quite indefinite in

outline, and is entirely subordinate in size and difierentiation to the

lobular outgrowths,, the endites and exites.* In this respect the Lim-
nadiad leg closely resembles the Cladocerous appendage, and in this

characteristic the appendages seem clearly enough a direct bequest of

the lower Branchioi)ods {Gladocera and Ostracoda). Considering first

the inner or sternal series of lobes, i. e., the endites, we can easily make
out six endites, the normal number for all Phyllopoda. (See fig. 26 in

text.) The first endite (fig. 1 I', in other figures cl) we have called the
coxal lobe {cl); it is the ''maxillarfortsatz'''' of Grube, and corresponds,
or is homologous with, the first foot-lohe of Apiis of Gerstaecker, or the
gnathohase of Lankester (Q.J. M. S., p. 348, 1881). It would be difficult,

and a straining of homologies, to compare this with the coxopodite
of a Decapod, as these endites are characteristic of the Branchiopoda,
and do not exist in a completelyjointed appendage, such as those of the
Malacostracous or Copepodous Crustacea.
The gnathobase is large, long, and well developed in Limnetis ,- its

long, sharp, stout spines nearly meeting those of its fellow opposite,

over the sternal groove of the under side of the body, and serving ad-

mirably as maxilla-like organs for the retention of the food, and for

passing it forwards to be crushed between the mandibular teeth guard-
ing the mouth.
The second and third endites are broad, short, unequal lobes, the

second the longer, and provided with long, delicate setulose setse. The
fourth endite assimilates in form to the fifth and sixth, being long and
slender, though the setiferous edge is as extended as in the second endite.

The fifth and sixth endites (P, l^) are each very long and slender, and
semi-jointed, a seta arising from each pseudo-joint.

The exite in this family is much more differentiated than in the Apodidm
or the Branchipodidce, and the flabellum performs a variety of work
besides respiration. In Limnetis the exite is divided into three portions

;

the gill, which is oval, pear-shaped, and moderately large, while the fla-

bellum is differentiated into a dorsal or upper very large and broad
(Plate II, fig. 1; Plate XXVII, fig. 3), or rather narrow (L. mucronattis)

portion (br'), and a lower slender part {Ir") which assimilates in form,

and probably in function to the fifth and sixth endites of the same appen-
dage.
In Estlieria and also in Eulimnadia the relations of the dorsal division

of the flabellum (which is narrow and slender) to the gill is seen in

Plate V, fig. 1, and also in Plate XXIV, figs. 9 and 10. Some of those at

the middle of the body serve to hold the eggs in place, for which function

they are well qualified by reason of their great length, since they nearly

meet over the back of the animal, and their long setae seem to hold the

* The terms endite and exite were first proposed by Professor Lankester iu liis memoir
on Apug, Q. J, M. S., I'fSl. We liave extended the term to the outer lobes of the feet

of Phyllopods in general.
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eggs in place in the different genera of the family. On acconnt of its

holding or keeping the eggs in place, this portion of the flabellnm may
be called the oviger. These ovigers are best developed functionally near
the end of the body, the eggs being grouped near the end of the dorsal

edge of the shell.

In Estheria the gnathobase (Plate Y, figs. 6, 7 c?^, 7a) of the anterior

baenopods is rather more complicated than in Limnetis. Fig. 7a repre-

sents one highly magnified. The inner edge is beset with rather stitf

simple setae, while those on the outer edge are thick at base, beyoud
slender and setulose. Similar hairs are seen on the gills (flabella) of the
Ostracoda {Gypris, &c.) and in the endopodal as well as the exoj)odal

portion of the feet of the Gladocera {Baphnia, &c.).

In Estlieria the second, third, and fourth endites are equal in size,

while the fifth is long and narrow, and the sixth shorter and broader,

scalloped on the inner edge ; the gill is large, the oviger long and narrow,
while the lower lobe of the flabellnm [br") exactly repeats in form the
sixth endite.

In Eulimnadia (Plate VI) the female endites 2-5 are quite equal in size

and appearance while the sixth is finger-shaped in outline, like the end
of the flabellnm, and the gill {br) is very large. The hand of the male
differs from that of Estlieria in lacking the thumb-like growth on the
fourth endite (en.'*) ; while the diminutive flabellnm {br") does not reach
to the base of the fourth endite, and the dorsal end of the flabellnm is

rudimentary.
Turning now to the first male basnopod of Limnetis, while the exite

and their basal endites have undergone no modification, the three outer
endites are curiously changed into a hand-like organ. The fourth

endite is a long and broad lobe, with two rows of short, basally stout

setaes. This lobe we call the comb or pecten (Plate II, tig. 2 ; Plate I,

fig. 5). Fromthedistalend arises a thumb-like moveable processprovided
externally with setas. The fifth endite is modified into a curved fore-

finger-like i)rocess with a few terminal setae opposing the thumb ; while
the sixth endite forms a still longer and much largerfinger, which is bent
upon the entire hand and is not setose. These lobes arise from a distal

chitinous specialized portion, which may be called the hand or manus,
with its two " fingers" opi)Osing the "thumb."
The second pair of b8enoi)ods are in Estheria and EuUmnadia modified

in the same manuer (Plate V, tig. 6) ; the chief diflerence being the
narrower fourth endite, whose setae are broad, stout, lancet-like (Plate

XXV, tig. 3b). In the second pair of feet of Estheria the fifth endite

differs from that of the first pair, and also the single pair of Limnetis,
in being two-jointed (Plate XXV, fig. 3tt, Z^); the end of the distal joint

being slightly bulbous.
Glaus represents the sixth endite or "claw" of Limnadia stanJeyana

from Australia as bearing a sucking disc; a similar disc occupies the
same position in Limnadia africanu Brauer and L.mauritiana Guerin.
It thus seems to occur in certain species of Limnadia^ but not in the
American genus EuUmnadia.
Turning now to the api^endages of the Apodidw, we find it comx)ara-

tively easy to homologize the diflereut parts with those of the Limna-
diadce, though, as a whole, the apodid foot is the most peculiar, sni

generis, of any x^hyllopods. The limbs of the European A23us have been
studied with care by Professor Lankester in his paper on the appendages
and on the nervous system of Apus cancriformis ; and he has briefly

compared them with the published drawings of other phyllopods, as

well as of the Decai3ods. He regards the axial portion of the limb of
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Apus as tlie axis or corm ; and finds that the first and second pairs only
are divided iuto joints—the first pair into four joints, and the second
into two joints; the remaining pairs not being jointed. The figures in

our Plates XVII-XX were drawn, chiefly to exhibit the zoological differ-

ences of the appendages in our American Apodidw without reference to

j

the mori)hology of the axis, but
j^^

! since reading Professor Lankes-
i ter's suggestivepaper we have re-

' examined the appendages ; and
I our observations teach us that,

as he states, only the first and
second pair of feet show traces

of joints, and even these are such T
as to be easily overlooked, and
should rather be styled pseudo-
joints (or pse^ularthra). Plate i \) <^2 '^V /(^^^'l.XXXI, fig. 4, shows the pseudo- I ]/ \ f [^''^'''M
segmentation of the axis of the i ' \( W J i WMy^'M
first pair of feet in Apus lucasa-

mis.

As our figure indicates, the
basal pseudo-joint {ax^) bears the
first endite or gnathobase; the
second pseudo-joint (ax'^) is in our
«j-nppip« rpfbif'pd to a, TniTiimnm Fio. 26 —Section of Apns. M. heart

;
int, mtesfme;

SX>eCie8 leUUCetl to d, lUlumuim,
,j^ ganglion; c. carapace; 1-6, the six exites, 1 being

but the second endite rises from t%'suathobase;(7i7Jan<l/;^.tiabellum, representing the

it; this joint is represented by ®^^*'^^- ^^^^^ lagramatic

Lankester as being much larger in the European species. The third

joint is tolerably well marked, but its basal limits are not differen-

tiated well from the outer part of the first joint. The third endite

is thrown off by the third joint {ax^) plainly enough. The fourth joint

(«iP*) is a definite segment, and from it originate the fourth, fifth, and
sixth endites. In A. Incasanus, however, the gill and fiagellum i>]ainly

arise from the fourth joint; but according to Lankester's drawing of

the same limb in A. cancriformis, these exites arise from the third

joint. Taking iuto account, then, the incomplete nature of the two
ijasal joints, and the fact that the succeeding pairs of feet are not jointed,
we see that they share the nature of the feet in other Phyllopods, and
that it is one of the characteristics of the Branchiopods in general, in-

cluding the PhyUopoda., not to have truly jointed feet comparable ^vith

those of Copepods on the one hand or Malacostracous Crustacea on the
other hand. On this account, while it may be safe to regard the basal
joint of the anterior foot of Apus as perhaps the homologue of the
coxopodite of Decapoda, we should not venture to go farther and homo-
logize the succeeding more or less perfected joints with those of the
adult Decapodous foot.*

But the jointed nature of the first foot of Apus and Ltpidurus is valu-

able from a morphological point of view, as indicating that the endites
are processes from the subjoints, as we may call the imperfectly differ-

entiated joints, and do not in any Phyllopod form the joints themselves.

* Huxley's (Manual of the Anatomy of Invertebrated Animals, 1S77) account of llie

nature and homologies of the foot of Lepidurus glacialis is somewhat inaccurate and
misleadinj:;. He has torn away the feet represented in his fig. 63 E, F, from the body,
leaving the gnathobase attached to the body; and this important and easily recog-
nized part is not drawn ; he figures five endites but counts them backwards, beginning
with the sixth one. The gnathobase he briefly describes under the name of coxojio-

dite. "Each appendage," he says, "consists of three divisions—an endopodite, exo-
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The axis of the second pair of bsenopods is composed of two joints,

but we should not agree with Laukester's notation of the joints ; the

joint marked 1 includes what corresponds to ax^ and ax^ of the first leg

;

and his joint 2 {ax^) corresponds to ax^ and ax* of the first leg ; in other

words, of the two divisions of the axis of the second leg the first repre-

sents the two basal joints of the first leg and the second the third and
fourth. So it seems to us the "joints" are more or less arbitrary sub-

divisions of the axis, and are not, properly speaking, true joints, hence
we would call them pseudo-joints or subjoints.

Begianing with the endites, the first is transformed into a large, broad,

thick, squarish lobe, whose inner edge is beset with dense fine, stifi" sette.

This is the gnathobase of Lankester, and what we have called the coxal

lobe (Plate XIX, fig. 3, elsewhere c/, or l^). The gnathobase of each limb
is diverted outward and backward, and thus, with those of the oiher
limbs, forms a long series bordering the median sternal line of the body
behind the mouth-parts, and which, as in the Limnadiadcc, serves to re-

tain the food and to push it toward the mouth and jaws.
. We should not, as Professor Lankester appears to do, say that " a
similar feature is characteristic of Limulus." The set of stiff spines in

tlie Merostomata are developed directly upon the coxopodite or ba^ai
joint of the limb, which is directly homologous with the coxopodite of a
crab, the resemblance to that of Apus is one only of analogy, though a
very interesting one ; the function, of course, being the same in each.

The succeeding five endites of the first pair of limbs are similar i-n.

form, being subjointed, the joints not, however, being complete and not
movable upon each other, the sutures marking them only extending
part way towards the middle of the process. The third, fourth, and
fifth endites, particularly the fifth, are remarkably long and autenni-
f(>rm. The sixth forms a minute pointed scale, whose base is confluent
with that of the fifth.

The gill in the Apodida? is rather small and pyriform ; while the fla-

bellum is very simple in form compared with the Liinnadiadce, but still

well provided Avith muscles, and, as in the latter family, forming the
I)rincipal swimming as well as respiratory organs. They are triangular,

the outer end rounded, the inner pointed and somewhat produced, but
there is no such interesting differentiation in form and function as occurs
in the Limnadiad flabellum.

Both exites and endites are remarkably persistent in form in the dif-

ferent species and are not of much use in taxonomy.
In the larva, 2J™"" long, of Apus lucasanus, as drawn by Gissler (Plate

XXXV, fig. 7), which corresponds well with (Jlaus's drawing of the
same stage in Ajnis cancriformis I have added the references to the
pseudo-joints {ax^-ax^). The gnathobase has two series of spines, the inner
short ; the sixth endopodite is seen to be very long and slender, while
it is minute, short, and broad in the adult. The two spines at the end
are noticeable, as there are four small ones in Claus's drawing. The
flabellum is very much smaller than in the adult, while the gill is but
little larger.

podite, and epipodite, supported on a protopodite or basal division (fig. 63 D, E. F).

The latter consists of three joints—a coxopodite produced internally into a strongly
setose prominence (not ref)resented in the figures), a basipodite, and au ischiopodite,

the latter elongated internally into a lauceglate process, and bearing on its outer
side two appendages, of which the proximal—the epipodite or branchia is pyriform
and vesicular in specimens preserved in spirits. The distal appendage which appears
to represent the exopodite (G) is a large flat plate, provided with long setse on ita

margin." Huxley did not find the maxillipedes and second antenusB in Lepidurus
glacialis.
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In the second and succeeding thoracic pair of limbs the second to

fifth endites are short and nearly equal in size, while the sixth is much
larger than in the first pair, being nearly as long as the fifth endite and
varying somewhat in the different species. In Lejpidurus glacialis it is

noticeably slender, as are the exites.

In the male of A-pns dispar from the White Nile, the second pair of
feet are curiously modified to serve as grasping organs, the notches
along the edge of endites 2-5 being much enlarged so as to aid the ani-

mal in retaining its hold of the female.
A more generalized form of the leg is seen in the tenth and several

succeeding i^airs (Plate XVIII, figs. 1-4 ; XXI, figs. 1, 3, 4, 5), there

beingno difference in form between the last thoracic (tenth) and first ab-

dominal (eleventh) legs ; except the female eleventh pair and the fact that

the eleventh male foot has the genii;.! pore.

The tentii leg of Apus liicasanus, for example (Plate XVIII, fig. 3), or

of Lejpidurus glacialis (Plate XXI, fig. l),lias a portion or lobe of the

axis, which Lankester calls the subapical lobe, which does not even
exist in a rudimentary state in the first i)air of limbs in A. lucaaanus;

nor does it exist in A. cancriformis, and is not to be seen in the larval

limbs of A. lucasanus figured by Gissler, nor is it figured by Claus.

Lankester regards this lobe as present in the second pair of thoracic feet

of A. cancriformis and figures it, but states that it " is relatively small."

We have not noticed it in the second pair of feet of any species of Apm,
but have seen it in the second feet of Lepidurus hilobatus (Plate XVII,
fig. 6), where it forms a lobe at the base of the exites.

In the tenth pair of feet of the different species of Apus this lobe be-

comes a large and prominent expansion situated between the base of

the sixth endite and the flabellum. (Plate XVIII, figs. 2, 3, 4, x, and
Plate XXI, figs. 1, 4, 5, no lettering.) The iinportance of this exital

lobe becomes apparent when we examine the moditiedlegsof the eleventh
pair of the female. The history of this lobe in Apus cancrUormis has
been well related by Professor Lankester, and an examination of our
American species shows that it is developed in all our species of Apus
and of Lepidurus, much as he describes in the Euro[)ean Apus.

In the posterior teet this lobe finally becomes obsolete.

Under the rather ponderous name oostegopod., Professor Lankester
describes the singular ovisacs or brooding-legs of the female and their

mode of origin, with which our own observations on the American Apo-
didas agree. On Plate XVIII, figs. 5, 6, 7 ; XXI, figs. 2, ti, are shown
the forms of the eleventh pair of legs in the female of Apus and Lepi-

durus. The ovisac as originally shown by Zaddach, and more recently

by Lankester, is formed by the great development of the subapical

l{)be, over which, as Lankester says, "the flabellum fits as a lid." Our
lettering on Plate XVIII, fig. 7, was put on two years ago when
making the drawings for the plate, and from hasty examination and
overlooking the minute gill, which, however, is figured in this drawing,
w^e supposed, with Gerstaecker, that the sac was tormedby the flabellum

and gill; but since the i)iate was figured Lankester's description has
been ijublished, and upon re-examination we have found the mouth of

the egg-sac* (Plate XXXI, fig. 5, os).

*Brauer, in 1872, in his Beitrage zur Keimtniss der Pliyllopoclen, gives an account
of tlie mode of copulation in Apus. In the spring of 1871, a male was discovered

among twenty J. The male swimming towards a 2 turned under the 9 ,
placed itself

firmly on the dorsal shield of the same, so that the whole body assumed a curved,

almost humpbacked, position, and made repeated convulsive contractions. It then
attempted, by feeling around with the end of its body over the hinder edge of the

carapace of the $ , to reach to it, and then threw several times and very rajjidly the.
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Except tLe diminished size of tlie gill, the only other important modi-
fication in the foot is the large triangular sixth endite, which shares in

jinvt the enlargement of the subapical lobe.

In the BrancMpodidcej where the head, thorax, and abdomen are clearly

.differentiated, all the legs are thoracic, there being no abdominal ap-

pendages except the gonopodaand the cercopoda. The legs also differ

Eiuch more from the two lower Phyllopodous families than those of the
members of these two families from each other. The axial relations of

the Branchipod limb are much as in the Lininadiadcf;, the axis being not
only entirely without any traces of joints, but not differentiated in any
such waj' as in the Ajjodidce from the endites or exites ; in this respect
the limb corresponds to those of the Limnadiadcc. The chief difference,

however, from the two lower families is the absence of a functional

gnathobase. The basal or first endite, as seen in the figures on Plates
VIII-XIV, forms a very short and broad uniformly curved lobe with no
armature at the base, the edge being uniformly fringed with very long,

delicately setulose setae ; the lobe is weak and only adapted for swim-
ming. By reference to Plate XIV, fig. 4, it will be seen, as in the genus
Thamnocephalus, that the sternal groove along the under side of the body
is broad, that the endites on either side are quite remote from each other,

so as to be of little use in retaining the food or prey. This figure also

shows the relations of the endites to the leg or axis, and of the leg as a
whole to the body. The second endite is in general about one-third as
wide as the first, while the third and fourth are minute, more or less

pointed, and provided with three or four long setulose or ciliated setae.

The great size and breadth of the fifth and sixth endites constitute a
characteristic and diagnostic feature of the family. The fifth is very
large and squarish or rounded, and armed on the edge with short re-

mote spines. The sixth is more or less paddle shaped, subtriangular,
and provided with a fringe of very long and rather stiff' seta3, being well
adapted for use in swimming; this lobe, with the fifth, is mainly con-
cerned in locomotion. The two exites, the fiabellum and gill, are in

this family much more alike than in the other two groups. The gill (br)

in Artemia, Branchinecta, Brancliipus is small, oval in outline, and much
as in the Apodidce, but in Chirocepliahis, and esi)ecia]ly in Streptocepha-

Jus, it becomes much larger, while in Thamnoceplialus it is much like the
fiabellum {hr') in size and form as well as in structure.

It is interesting to observe, from the drawings of Claus and of Gissler,

that in the development of the legs in the early larval stages the endites
are the fij^st to be developed, the exites not appearing until some time
after the six inner lobes are indicated.

The abdomen and the abdominal Ze</s'(Uropoda).—These are not present
in the Branchipodidce, and in the Limnadiadw and Apodidce they do not

whole of the abdomen not covered by the shield over the edge of the carapace of the
female to her ventral side. These motions were wholly similar to those made by the
male Brancliipus with its body during sexual congress, so that I have no doubt that the
smaller individual was the male, and that the whole performance was none other than
the fertilization of the gill-foot. The male repeated this act upon all the other
females present through a period of several days. Then a pause ensued, whereupon
the exhibition began anew.
During the act of copulation the egg-sac of the $ came in contact with the 11th

feet of the ^ ; but the whole occurrence was so short, the animals going under and
turning themselves several times, that it was difficult to give a clear idea of the rela-
tion of the body parts to one another.
Through a later anatomical examination of the male I found my view completely

coulirmed. It was filled abundantly with testes-tubes, finger-shaped, the branches
filled with seminal cells, as were described by Kozubow ski. He then quotes Kozu-
bowski's similar observations on the mode of copulation, from which Brauer's obser-
vations differ somewhat.
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differ in any important respect from the thoracic limbs, since the abdo-
men in these families is not differentiated from the anterior part of the
body. Indeed, if an abdominal leg were exhibited to us separately and
placed side by side with a thoracic leg, it would be mere guess-work to
distingTiish them. The only distinction between the two regions, or the
so-called abdominal and thoracic legs, is the fact that in the Apodidce
the eleventh pair contains the end of the oviduct of the female or vas
deferens of the male. In the Apodidce the gonopods or ovisac-bearing
legs have been described.
Kozubowskl has discovered and described the male outlet for the

seminal fluid on the eleventh pair of feet of Apus cancriformis. The
short vas deferens ends in a minute cup-shaped opening on the gnatho-
base or coxal lobe of the eleventh jjair of feet. (Gerstaecker's Arthro-
poden.)

The abdominal legs succeeding the eleventh pair lose somewhat of
their characteristic features, until the terminal pairs assumea generalized
form ; the endites, including the gnathobase, being equal in size and
appearance except the last (sixth), which differs mainly only in being
largei-; the gill is small, while the flabellum is in proportion large and
orbicular with a few large setulose setse, instead of the fringe of fine,

short, cilia-like setne edging the exite.

As to Limnetis, Grube states that the narrow opening covered by a
rather long lamella in the last three limb-bearing segments of the body
may prove to be the male poms genitalis. The eggs are held in plax3e

by the ovigers of the last three segments in the female. The upper lobe
of the flabellum of the last pair of feet appears, as seen in fig. 4 (in

text), to be enlarged and modified toehold the eggs, and I have found
the freshly extruded eggs held by the ovigers of the last three pairs of
ap])endages, so that we may conclude that in Limnetis the last three
segments of the body form what we may regard as corresponding to

the abdomen, although the distinction is a somewhat arbitrary one.
lu reference to the male opening in Esilieria nothing is known, as Grube

states. He thinks he found the opening of the oviduct of the female
at the base of the ninth and tenth ijairs of feet. Should the hole he dis-

covered be proved to be. the genital pore, then the part i)Osterior to the
eighth pair of legs should be regarded as abdominal ; and thus, in this

respect, the abdomen in its general relations would compare with the
abdomen of the Apodidce.
Spangenberg has discovered the genital opening in Limnadia. "The

position of the [ovigerj on the 11th pair of feet, as well as the general
agreement in the structure of the Phyilopods, have enabled me to dis-

cover the hitherto hopelessly-sought-for sexual opening. It lies, cer-

tiiinly as in Apus, on the basal joint of the 11th pair of feet; but it is

very difficult to find if the oviduct is not very full of the shell-forming
secretion. Except the lengthening of its gill-appendages (oviger), which
it shares with the two feet in front, the 11th Ibot undergoes no change
with the reproductive function."

The last joint of the abdomen (urosome), viz, the telson, is only in

one genus produced into a median spine-like process. This is seen in

Lepidurus. This spine-like process is seen in the fossil Fhyllocarida,
and in common in the Malacostracan Crustacea.
The telson itself, particularly the tergal or spinous portion, in Lepi-

durus, as in Decapods (shrimps, lobsters, etc.), forms the roof or upper
wall of the rectum, and may thus be functionally compared with the
labrum of the head, which, like the spinous portion of the telson, is a
median unijaired process. The cercox)oda, on the other hand, may be
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homologized with the autennfB, being true appendages. This is especi-

ally seen in the cockroach and in Mantis tessellata (Guide to Study of In-

sects, p. 17, fig. 23).

TJie cercopoda.—We would suggest the name cercopoda* for the

caudal appendages of the Phyllopoda, which are outgrowths from the

telson. There seems to be no such appendages of the telson or anal

arthromere in the Malacostracous Crustacea, as the uropoda are devel-

oped on the segments anterior to the telson. But when we turn to the

Entomostraca, we see that they occur, as a rule, in all Copepoda, where,

in some genera {Pontellina, Zaus, Thalestris). they are two-jointed.

These appendages then, in Copepoda, are true jointed appendages, arising

from the end of the terminal segment of the urosome, and thus forming
the last pair of abdominal appendages. In the order Branchiopoda
the cercopods of the Copepoda are represented by the moveable, curved,

slender, terminal claw of the telson ; and this form ]iersists in the
higher Limnadiadce (Plate III, fig. 7; Estheria, Plate XXV, figs. 5, G),

being absent in Livmetis. The long, jointed, style-like caudal ax)pend-

ages of Apus are also the homologues of the Copepodous cercopoda,

as well as of the Limnadiad claw-like appendage. In the larva, as seen

by Dr. Gissler's drawings, fig. 8, Plate XXXV, they are short and broad,

and their cavity is continuous with the body-cavity. Late in larval life,

as seen in fig. 9 of the same plate, a joint appears, and later on in adult

life the cercopoda of the Apodidw, as seen in Plate XVI, aie nearly per-

fectly jointed, with short, stout sette arising from the edge of each joint.

In the cercopoda of the Branchiopods we have reproduced quite ex-

actly those of the Copepoda. So it appears that these appendages are

restricted to the Entoniostracous Crustacea, although they are also a
characteristic feature of the Phyllocarida.

Histology of the postoral appendages.—The male hands of the first

pair in Estheria and Limnadia present some peculiarities of interest.

The finger-like two-jointed fifth endite of Estheria mexicana (Plate XXV,
fig. 3a, l^) is traversed by a thick nerve, which appears to originate

from a multitude of nerve-cells, almost completely filling the distal joint.

The latter when magnified by a Tolles ^ A eye-piece (fig. 3c) is seen to

be filled with rather large nerve-cells {g c), whi(;h are arranged serially.

Between the rows of cells are apparently fine nerve-fibers, which have
not been so distinctly indicated by the artist as in my original drawing.
These fine fibers appear to arise near the terminal cells (r/ c) and prob-

ably originate in the seven setiB at the end of the joint. It is plain that

this endite is the sensitive portion of the hand, though whether it is of

any special sense and other than tactile may seem doubtful.

In Estheria compleximamis (Plate XXIX, fig. 5) and in the same joint

of the fifth endite of the first i)air of hands, when magnified by the

same power (| Tolles A), the main nerve is seen to traverse the joint,

passing through a great number of very large nerve or ganglion cells

(^c), which are not, however, arranged serially as in E. mexicana. The
nerve appears to break up into a number of fibers which probably in-

nervate the numerous fine cilia-like setse at the end of the finger-like

appendage.
In the first pair of legs of Estheria compleximanus (Plate V, fig. 7) the

sixth enditeis provided with nerve-cells and nerves which supply the setcTe,

as seen in Plate XXIX, fig. 3. Here the ganglion-cells are contained

* We should also apply this name to the jointed anal stylets of insects sncli as tlie

cockroach, Mantis, and other Orthoptera and Pseudoueuroptera, as well as tlie dipte-

rous Chrysopila, and numerous other forma.
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in the nerves, i. e., forming ganglionic enlargements, while there is a
marginal line nerve which connects the ends of the setal nerves. The
structure and arrangement of the nerves in the sixth eudite' of JEstJieria

appears to be nearly the same as in the BraneMpodidw, described far-

ther on, and the ganglion-cells are seen to be of the same size, the
parts being magnified with ^ Tolles A eye-piece. Plate XXIX, fig.

4, represents the end of the oviger of the same leg as fig. 7, Plate V.
A ganglion and setal nerve supply each seta, while the main nerve
passes through the middle, at tn, being reinforced by ganglion-cells

;

while at the end are several cells from which a nerve passes into each
seta.

In EuUmnadia texana (Plate VII, fig. 2, 2a, 2&) where the fifth endite
of the first leg of the male is provided with a minute palpus-like pro-

cess, which was not observed in JEstheria, the histological structure of
the second joint is the same, though the nerve-fibers were not so dis-

tinct in the specimen examined ; EuUmnadia difiers, however, in the
terminal setse being coarser and much more numerous.

In the Apodida^, from the nature of the dense opaque integument of the
appendages, it is i)robable that no special sense-apparatus is present.

In the delicate swimming thoracic appendages of the Branchipodidae
some interesting histological features were observed, especially in legs
stained with carmine.

In Branchipus vernalis the edges of the endites are provided with
clusters of two or three ganglion-cells which are situated in the mar-
gin near the insertion of the setse. These are noticeable in the fifth

endites, but especially so in the paddle-lilie sixth endite. (Plate XXX,
fig. 1.) This figure is drawn with the camera lucida and shows the
relation of the muscles supplying it, and also of the peculiar system of
ganglionic nerve-cells and nerves sujjplying the marginal ta(;tile setiie.

The striated muscular fibers are situated in the central portion of the
foot {muscle); they suddenly terminate in the manner indicated in the
figure, and originate from a median muscle passing out of the axis of
the limb; associated with them are irregular groups of ganglion-cells.

The marginal ganglion-cells are arranged in two series: a submarginal
set [710^] and a marginal set (nd^). Whether the masses of parenchy-
matous matter filling the spaces between the two sets is truly nervous
matter, or undilferentiated protoplasm, I cannot say, but, judging by fig.

3, it is probably nervous. At the base of the anterior margin of the
endite where the setas are reduced in size the submarginal series of cells

disappear. Toward the posterior margin the setal nerves are seen to
enter the setse from a group of submarginal ganglion-cells. The con-
nection of the submarginal and marginal series of cells and nerves with
a main axial nerve of the leg was not observed, though several speci-

mens were examined and search made for it, and hence I am inclined

to think that the system of setal nerves and their cells is independent
of the central nerve system.

In fig. 2 of the same plate is represented the sixth endite of one of
the anterior legs of IStreptocephahis texanus^ in which there is neaily the
same relation of parts as in Branchipus. The axial branches of the two
muscles (mus) are seen to be in one case connected with the series of
striated mus iles in the central area of the endite. No main endital
nerve was detected, and here, as in Branchipus, we see the same system
of submarginal and marginal nerve-cells, and of setal nerves. The cells,

however, are less numerous as seen in fig. 3, which represents the end of
a bundle of striated muscular fibers ; also their mode of termination, the
space between the ends of the muscular fibers, and the submarginal
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nerve-cells (wc^). There is in each set but a single snbmarginal and a

marginal nerve-cell (nc^). The two cells are connected by a broad
nervous tract, and beyond the marginal cell the setal nerve continues

into the base of the setae.

In the sixth endite of the first pair of feet of TliamnocepTialusplatyurus

the arrangement of the ganglion-cells differs somewhat from the other

Branchipods described. As seen in Plate XXIX, fig. 8, there seems

to be no marginal ganglion-cells, but a much larger number of sub-

marginal cells, which are arranged serially, the outer row of the sep-

arate nerves forming a quite regular series parallel to the edge of the

endite. The tactile nerves (<w) containing these gangbon cells pass

into the setse. There is also to be seen a submarginal row of minute
setse. The same histological nervous structure is seen in one of the

smaller endital lobes, i. e., the fourth (Plate XXIX, fig. 7). A nerve

here evidently leads from the axis of the leg, and enlarges before reach-

ing the large'mass of ganglion-cells (gc) from which the setal nerves

arise. It will be seen that the ganglion-cells are of the same size and
appearance as in the end of the finger of the male of JEstheria co^nplex-

imanus (fig. 5).

The base of the flabellum of Ihamnoceplialus, as of all the genera in

the family, are filled with large cells, rich in fat granules, as seen in

Plate XXIX, fig. 86; while the polygonal cuticular cells of the flabel-

lum are represented at fig. 8 a.

NOTES ON THE INTERNAL ANATOMY QF THE PHYLLOPODA.

It was not the author's design to make a special investigation of the

internal anatomy of the Phyllopods, and the following notes on Amer-
ican species should only be regarded as supplementing what has been
already published by Zaddach, Grube, and Spangenberg, which we
have consulted and of which a resume will be found in Gerstaecker's
Arthropoden.
The general anatomy of Limnetis observed in L. gouldii while alive

does not differ in any important respect from that of lAmnetis hrachynra,

well figured by Grube, whose figure I have reproduced on Plate
XXXI, figs. 6-8. The form and topographical relations of the digest-

ive canal with the liver, and of the heart are the same in our species as

. Grube represents.

(Jur fig. 6 on Plate XXVI represents the structure of an ovarian
lobe of Limnetis gouldii. The mass is filled with ovarian nucleated cells.

Tlie digestive system.—An undeviating characteristic of the Phyllo-

pods is the relation of the liver to the stomach and the peculiar way in

which it is packed away in the head-cavity, enveloping the brain and
filling the frontal cavity of the Limnadiadce and of Apodidce. The only
other Crustacean excej^t the Branchipods which have this characteristic

is Limulus, and in this respect this animal closely resembles the Phyl-
lopods.

In Limnetis the mouth (Plate XXXI, figs. 6, 8) is situated between the
mandibles, as seen in our copy of Grube's figure, and the duct of the
liver (Fig. 8, liv.) is seen to enter the digestive tract very near the short

oesoj)hagus.

In Estheria mexicana Plate XXXIII, fig. 2, shows the relation of the

lobes of the liver to the common duct, and the connection of the latter

with the rather large stomach. The cavity of the head is capacious,

and filled with the convoluted lobules of the liver, of which transverse
and longitudinal sections are shown in the figure. Fig. 2a is a still
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more enlarged view of one of the lobules, there being a single layer of
secreting nucleated cells.

The relations and cellular structure of the oesophagus of the same
species are seen in figs. 1,4, oes, and 4«. A section of the oesophagus
where the microtome passes through the brain and larv^al ocellus shows
that the walls of the oesophagus are formed above of two layers of epithe-

lium and beneath of three or four, the serial arrangement of the ceils

below not being so marked as above.
In Fig. 1 we see that the razor passed through the oesophagus and

the intestine, the section being oblique, and the digestive canal curv-
ing considerably in the front part of the body, so that it is cut through
twice. The comparative size and general relations of the intestine to

the other viscera are seen in figs. 9 and 10 of Plate XXIV.
In the Apodidw, as seen in Plate XXXII, figs. 1 and 2, the mouth is

situated between the mandibles. The oesophagus is narrow and very
oblique, while the rest of the digestive canal is large and of quite uni-

form thickness. The cavity in fig. 1 is the body cavity, after the digest-

ive canal has been removed ; but that its body-cavity is completely filled

by the digestive canal is seen in fig. tl int. The intestine gradually con-

tracts towards the narrow rectum, the anus (an) being snmll and situated

rather dorsally than ventrally, as in most, if not all, Anthropoda, and
opening between the bases of the cercopods.

In living examples of Artemia gracilis (Plate XXIII, figs. 1, 2), the
oesophagus is very short, while the stomach is situated in the head.
The stomach is apparently divided by a medio-longitudinal constriction

into two large sacks or pouches, these being the ducts to the liver, which
has a few short lobules, the liver being much less voluminous in the
BrancMpodidce than in the two lower families.

The intestine we regard as that portion lying behind the liver. It is

divided into two portions, one in the head and thorax (bisenosome), and
the other in the urosorae. The anterior or cephalothoracic portion is a
large, straight tube with thin walls, and is of nearly the same thickness
throughout its length (fig. 2 int). It contracts at the base of the
urosome and forms a slender tube one-half the diameter of the anterior

portion (fig. 3, int), ending in a well marked rectum (rec), which is pro-

vided with constricting circular muscles, and held in place by three sets

of slight muscular threads (m). It does not contract at the vent.

The ovaries.—The relation of the genital glands, particularly the ova-

ries, are seen in Plate XXXT, fig. 7
(
Limnetis alter Grube) ; tliose of

EstJieria mexicana in Plate XXXIII, figs. 1 and 6. The ovary in Lim-
nadiadcB forms a rather large mass, situated in the body behind the head

,

Fig. G, Plate XXXIII, represents a portion of the ovary of Estheria mex-
icana., showing the epithelial or ovarian cells (ep) and the developing
egg. It forms a compact mass, situated on each side and below the in-

testine. The ovary in Apus Lucasanus (Plate XXXII, fig. lov and 2 ov)

forms a loose mass, extending from the region over the mouth to the last

pair of uropoda. Its general appearance and histology is well shown in

the figures of Siebold in his work on parthenogenesis in ArthrOpoda
(Taf. il).

When we ascend to the more specialized Branchipodidce we see that
the genital glands are restricted to a special sac, which grows from the
under side of the basal uromere. We have nothing new to add to the
descriptions already given by European authors. Plate XXII, figs. 2,

2a, 26, 3,4,4fl, from drawings by Dr. Gissler and myself, give the general
relations of parts in Artemia gracilis and Branchipus vernalis, and for par-

ticulars regarding certain points the reader is referred to Dr. Gissler's
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remarks further on, and to the explanation of the plate. In fig. 2

{Artemia, drawn from living specimens) the ovaries are without any
ovarian eggs, the cells representiug simply the epithelium. The ovary

sends two slender attachments into the last bajnomere, and two larger

tubular prolongations into the second and third uromere. The oviducts

(e) are just large enough to contain a single egg (Fig. 2b, egg) at one

time. The glandular cells secreting the chorion are represented at 2a

and 2b, ec. They are about^ the diameter of the mature egg, and
have a very distinct nucleus.

The heart.—In the Limnadiadm the heart of Limnetis is a short, thick

tube, as represented byGrube (see our PlateXXXI, fig. 6, ht), and does not

extend far back in the body. In the section of Estheria mexicana (Plate

XXIV, fig. 9), which passes through the antenuse, the heart is seen to

be present, but in JE. compleximanus, fig. 10, it does not appear to rea>ch

far behind the anterior pairs of b^enopods.

In Apys the heart has been figured and described by Zaddach, our

fig. 6, Plate XXXII, being copied from his work, and in our fig. 1 the

heart is represented diagrammatically, the drawing not being strictly

accurate in some respects. The size of the heart of A2ms lucasanus in re-

lation to that of the intestine is seen in fig. 2, which is a camera draw-
ing. The walls are thick and muscular.

In the BrancMpodidce the heart is much larger than in the Apodidce,

as seen in Plate XXIII, figs. 2, 3, 'da, and 4, drawn with the camera
from living specimens of Artemia gracilis. The heart extends from a
point justbelow the mandibles, and extends as a long, slender tube to

the middle of the terminal uromere. In fig. 2 the anterior end of the

heart is represented coiijecturally, as we could not see the exact mode
of termination or the origin of the arteries j

* but the valve at the pos-

terior end was readily made out as at 3, ht, and 'Sa, where a treble

valvular arrangement allows the blood to enter, and is closed at the

time of contraction of the heart. Two lateral arteries are sent off to

the shell-ghmd, and there is a median notch or ostium in front. The
lateral valvular openings are more numerous in front than at the end,

as the last pair of valvular openings is situated a long distance from
the end of the heart, as seen in fig. 3. As seen in fig. 4, the heart is

loosely held in place by slight muscular bands (m), and along the

outer walls of the heart are scattered rounded epithelial cells (ep. c).

The valvular openings, indicated in the figures by the arrows, are

arranged alternately. The size of the blood-corpuscles, which are

colorless, is shown in the figure. The blood flows into the heart
through the valvular openings, and is pumped out of the anterior

end and passes into the head by two currents, while a current on each
side passes backward, thus indicating the existence of two anterior

arteries and a pair extending downward and backward. The circula-

tion in the eye is readily observed, and is indicated by the blood-

corpuscles and arrows in fig. G. The mode of circulation in one of the

feet is illustrated by the blood-corpuscles and arrows in fig. 7 (PI.

XXIII). The blood flows directly toward the end of the sixth endite,

while a portion passes around the edge of the gill ; the circulation is

more active in the gill proper than in the flabellum. The blood passing

into the sixth endite along the upper side, returns by the lower edge

:

a current, entering the fifth endite, passes along the upper and returns

by the lower edge; a current also enters the basal endites. Each

* The anterior end of tlie heart in the young Apus is well shown by Glaus in fig. 6,

Tat". VlIIj of his elaborate memoir.



400 GEOLOGICAL SUEVEY OF THE TEREITOKIES,

endite has its distinct blood passage, and thus respiration takes place
all tbrough the appendage.

The nervous system.—The nervous system is quite uniform in the Phyl-
lopods, and that of Limnetis has been described by Grube, that of Lim-
nadia by Klunzinger,* and more lately by Spangenberg, and that of
Apus by Zaddach, while the brain and nervous cord of the young
Branchipns stagnalis has been figured and described by Clans.

Oar Plate XXXI, fig. 8, copied from Grube's drawings, illustrates the
nature of the brain and nervous cord of the European Limnetis brachyura.
The brain is very small, forming a single flattened mass from which the
large optic nerves arise. The first antennal nerves arise from the begin-
ning ofthe commissure, which forms an oesophageal ring, and the second
antennal nerve arises opposite the transverse commissure, which com
pletes the oesophageal ring behind. Then succeed the i)eculiar ladder-like

ganglionated ventral cord ; from the two anterior ganglia arise respect-

ively the mandibular and maxillary nerves, the third pair of ganglia
supplying the first boenopods.
The anatomy of the nervous system of Limnadia hermanni has been

fully described by Spangenberg,! but unfortunately he has given no
illustrations. The following account is translated from his paper:

" The nervous system of Limnadia shows the greatest agreement with
that of Apus. It has a primitive, embryonal character, as that of Apu^.
This is seen in the ganglions of the second antennse. These are in most
Crustacea united in a common mass with the brain. In Limnadia not
only the ganglion-swelling, but also the two transverse commissures
uniting them preserve their original form, and the ganglion pair of the
second segment differ here in no important point from that of the other
segments, except in the lip-commissure springing from it. There also
remain the ganglia of the ventral cord in the last body segment, both
longitudinally and transversely well separated from each other, while
in Branchipns and Artemia they are not more perfected, but in Apus
sutler a widespread consolidation.

"The central nervous system of Limnadia consists, as that of all Phyl-
lopods,of a two-lobed supraoesophageal ganglion before the oesophagus

—

scarcely properly called a brain—and right behind the oesophagus, be-

tween the digestive canal and floor of the body a ladder-like ventral
chain of 2G ganglia, the tail segment being without a ganglion.

'^ Brain.—The supraoesophageal ganglion consists of two spindle-
shaped lateral lobes and one unpaired median section. All these pos-
sess their own centers and send out the nerves originating from them.
Such centers are five in all, four arranged in pairs in the lateral loljes,

the fifth unpaired in the middle lobe.

"Of the two paired centers the foremost is by far the largest ; it serves
as the central organ for the optic nerve, the eye-muscle nerves, and
furnishes the nervous tract reaching to the so-called larval eye. The
smaller, situated somewhat farther behind, lying under and external,
sends fibers to the first antennal nerve. What significance the bean-
shaped central body of the middle lobe, met with in all Phyllopods, has is

not clear to me. It lies perpendicular to the longer axis of the animal in
the hinder third of the middle lobe between the commissural threads
passing from one lateral lobe to the other. From all sides pass curved
nerve-fibers into it, which are variously covered and intertangled with
one another. It consists quite unlike the paired centers of large
ganglion-cells, but solely of the so-called Leydig's punctsubstanz.i a con-
fused mass of the finest fibers variously matted together. Whether,

* See his figure in Sieb. u. Koll. Zeits. w. Zool. XIV, Taf, XIX, fig. 26.

t Zeitschrit't fiir wissenscli. Zoologie. Supp. 1878.
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however, nucleus-like bodies occur on the points of intersection, I have
not yet been able to discover. In the profile view of the animal the
central body appears exactly as in the Daphnidce^ in the form of a clear

round vesicle in the feeble (matten) brain-substance, and can thus give
ready opportunity for illusion. An independent vesicle, such as Glaus
describes in Daphnia magna^ I have not seen here.

"From, the lateral lobes of the suj^racesophageal ganglion arise the
following o nerve-pairs

:

"1. The large optic nerve.
"2. Several nerve-twigs to the eye-muscles.
"3. A slender fiber on each side to the frontal organ.
"4. First antennal nerve.
"5. The ' hirnschenkel.'

"From the middle division arise only 3 paired and an unpaired
nerve, viz

:

" 6. An at least externally unpaired nerve, and
"7. A i^aired nerve-stem, both to the so-called larval eye.
"8. An outermost fine fiber on each side, which arises laterally from

the seventh pair, and goes above and outside of it.

"9. A slender pair of nerves to the oesophageal musculature.
" Of these nerves Zaddach [Apus] knew only those mentioned under 1,

4, 5, 7, and 9, but as they occur also in Brancliiims as well as in several
Cladocera investigated by me, there can be no doubt that they are pres-

ent also in Apus^ and were overlooked by him."
Spangenberg then describes the ganglion opticum and eye.

Ventral ganglion chain.—The second cephalic or first ventral iiair of
ganglia, which lie on the side of the oesophagus, are the second antennal
ganglia. This ganglion, and the 2d antennal nerve which arises from
it, is figured by Ellunzinger. •

Then follows the mandibular and then the maxillary ganglia. These
are succeeded by 22 pairs of ganglia.
There is probably no essential diiference between the nervous system

of Estheria and Limnadia. From a number of sections of Estheria mex-
icana kindly made for us by Mr. jST. N. Mason, we have drawn figures

1, 2, 4, and 5, PL XXXI II, which partly illustrate some points in the
structure of the nervous system. Fig. 2 represents a section which evi-

dently passed through the brain (br). It is seen to be a double ganglion,
with the hemispheres more distinctly marked than in Grube's representa-
tion of that ot Limnetis. Fig. 1 and the enlarged view. Fig. 4, passes
through a ganglion, which we take to be the brain. The section must
have been very oblique, as the oesophagus is seen to appear as if situ-

ated above the brain. The section passes througli the larval ocellus,

whose cones and ingment mass have still survived, though sunk out of
sight under the integument.

Fig. 5 rei)resents a ganglion posterior to the maxillary ganglion, and
probably supplying the nerves to the first pair of feet, and situated
directly under the intestine, the epithelium of which is shown in the
figure. The histological structure is seen to be very simple. The gang-
lion consists of scattered ganglion-cells and fine granules, which may be
the ends of fibers, but no distinct fibrous structure was to be detected.
The brain, fig. 4 &r, and fig. 2 &r, is apparently no more complex in

its histological structure than the ventral ganglia.
A good deal of time was given to attempts to work out the nature of

the brain, but though Mr. Mason very kindly made sections of a number
of specimens of Estheria^ Ajms, and dilierent fresh Branchipodidce, yet
owing to the inherent diihculties in the nature of the investigation very

2G H



402 GEOLOGICAL SURVEY OF THE TEEEITOEIES.

poor success attended our efforts. The brain lies, as seen in fig. 2, in
ttie midst of the liver, and in the process of cutting- through the head
the brain slips aside from or crumbles before the edge of the razor. Of
course the only proper way is to remove the brain from the living animal
and properly prepare it for the microtome ; but this is next to impossible
owing to its small size. Indeed, the difficulties in the way of making a
good dissection of the brain of these creatures, particularly Apus, are
very great. After working for some time at the brain of well-preserved
Apus lucasanus, we were able to satisfy ourself that the drawings and
descriptions of Zaddach in his classical work on Apiis cancriformis are
correct, although his drawing of the entire ventral chain (his Tab. Ill,

fig. 1) might be improved; his representations of the brain are undoubt-
edly correct enough for all practical purposes, and we have copied in
Plate XXXII three of his excellent figures. The figure of the entire
nervous system oi Apus lucasanus (Plate XXXII, fig. 1) was drawn by
Mr. Kingsley, and adopted with some important corrections in the posi-

tion and form of the brain. The sketch is necessarily in part diagram-
matic, and no nerves to the appendages are represented. As seen in
the copies of Zaddach's figures the brain is small, situated right under
the compound eyes, and it innervates only the simple eye or ocellus
and the compound eyes. The nerves to the two pairs of antennae, fig. 5
{ant^, ant^), arise from the commissures, and not from the supraoesoph-
ageal ganglion. The rest of the nervous cord is ladder-like.

In the BrancMpodidce the nervous system shares with the other sys-

tems of organs in a general advance to a higher plane of organization.
According to Clans excellent figures of the brain, especially of the very
3^oung Branchipus stagnalis, the nerves to the first and second antennas
arise from groups of ganglion-cells situated on the outside of the com-
jnissures, the ocellus and two stalked eyes being innervated from the
brain as in all other Phyllopods, and it will probably be found that in
the early stages the commissures are jirovided with ganglionic enlarge-
ments from which the appendages of the head are innervated ; thus there
may be a slight resemblance in this respect to the ganglionic (esophageal
ring of Limulus.
We have, then, in the suboesophageal ganglion of all the Phyllopods

a simple, small ganglion, no more differentiated than those forming a
part of the ventral cord. Plate XXIII, fig. 1, gives a vertical view of
the brain of the adult Artemia, which is nearly continuous with the
optic ganglion. On Plate XXXIII, fig. 8, is represented a section of
the small brain of Branchipus vernalis. It is very simple in structure,

the ganglion cells small, scattered, and indistinct. Fig. 8a shows the
ganglion cells enlarged. No fibers appear, though more careful ob-
servations than I was able to make are needed before we can have a
complete knowledge of the brain of the supraoesophageal ganglion in
the Phyllopods.
For the structure of the abdominal jiortion of the nervous cord the

reader is referred to Leydig's account and his figure in Tafeln zur Yerg.
Anatomic, Taf. Y, fig. 5.

It is apparent, however, that in the Phyllopoda the brain is a very
simple affair, and not much higher in complication of structure than the
brain of worms, and when we compare it with the brain of the Decapods,
or at least that of the crayfish and lobster, these alone having been
studied, we are comparing two very different organs. The brain of the
Decapoda is an aggregate of at least two pairs of ganglia besides the
primitive pair innervating the eyes. The extreme degree of cei)haliza-

tion, by which the head becomes more compact and homogeneous, has
had its resultant effect upon the primitive brain and the ganglia behind
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it, and thus the brain of the shrimp or crab represeni s the brain of the
ThylloYiod ])lus the oesophageal ring of the latter. We have seen that
in the larval Branchipus the two pairs of antennal nerves actually do
arise from masses of ganglion cells. These two masses may form' the
two pairs of antennal lobes in the Decapodous brain, which is therefore
probably an aggregate of three pairs of ganglia.

The brain of the Phyllopods is more primitive than in the Cladocera.
Clans'* figures of the brain of Daphnia magna show that the first an-
tennal nerves arise from the brain, while the second antennal nerves
arise some distance back from the succeeding pair of ganglia.
lu the Calanidoj there is a distinct brain from which arises the first

antennal nerves, while in the Corycieidce the ventral cord is fused with
the brain.

It will thus be seen that the Phyllopods possess the simplest, most
primitive form of bria-in, characterised by the lack of antennal nerves.
If we were to confine ourselves simply to the Apodidce and BrancM-
podidae, in which the body is much elongated, we should attribute the
want of concentration of the brain peculiar to the Phyllopods as due to
the elongation of the body and to the exceptional number of arthromeres
composing the body, but we see the same structure and form of the brain
in Limnetis, the most generalized form in the suborder, where the body
iu lack of differentiation approaches the Cladocera. Hence the ner-

vous system of the Phyllopods does not seem to have been borrowed
from the Crustacea standing below them.
The brain of the Ajjodidce is called by Lankester, in his paper on Apus,

an arcMcerehrum, while the composite brain of "all Crustacea, excepting
Apus, and possibly some other Phyllopods," he denominates a syncere-

hrtim. As to the nature of the brain of Limulus, Professor Lankester
states that " the only other case amongst adult Arthropods, in whicli
it appears with certainty that the so-called cerebral ganglion is a pure
archi-cerebrum, is that of Limulus," although he adds (p. 375), "I should
wish, however, to guard against the inference that I consider any close
affinity to obtain between Apus and Limulus."
We are disposed to agree with the view that the brain of Limulus is

a genuine archi-cerebrum, comparable with that of the Phyllopods, and
regard this as corroborative proof that Limulus is a Crustacean rather
than an Arachnidan, no true archi-cerebrum being known to exist in
adult Arachnida. Furthermore, in the oesophageal ring of Limulus,
Avhich is fundamentally made up of ganglia with cross-commissures, it

appears to us that we have a parallel to the ladder-like arrangement
of the postoral head-ganglia of the Phyllopods.
The histological structure of the archi-cerebrum of Limulus is more

complicated than in that of the Phyllopods, which, so far as we have been
able to see, is slightly more complicated than the brain of the Chieto-
pods, judging by Leydig's excellent figures (Taf. IV).
The following provisional grouping of Crustacean brains appears to

be justified by known facts, although, except the brain of Decapoda and
liimulus, no special histological work has been accomplished:

{ Decapoda.

I
Tetradecapoda.

Entomostraca.

[^
Cirripedia.

*Ziir Kenntuiss der Organization iind des feinern Banes der Daphniden nndver-
wandter Cladocercn. Vou C. Clans. Zeit. wissen. Zool. XXVII, 187(5, 362, Tat XXVI,
figs. 8-10.
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The syncerebrum of tlie Tetradecapoda (Amphipoda and Isopoda),

judging by Leydig's ftgures^ and our own observations (from dissections

made by Mr. J. S. Kingsley) on that of Idotaea and Serolis^, is built on
a diiferent plan from that of the Decapoda. The syncerebrum of the
Phyllocarida is somewhat like that of the Cladocera and Copepoda (Cal-

auidfe) ; being essentially different from that of the majority of the
Malacostracous Crustacea.
The Copepodous syncerebrum is an unstable, highly variable organ,

but on the whole belongs to a different category from the syncerebrum
of other Neocarida.
We have then, probably, three types of syncerebra and two types of

archicerebra among existing Crustacea.

HOMOLOGIES OJP THE CRUSTACEAN LIMB,

Comparison with limbs of Cladocera.—We should naturally first com-
pare the appendages of che Phyllopods with the members of their own

Fig. 27.—First leg of male of Moina (for compariaon with that of male Limnetis) : ex, exite; epip,

epipoilal portion of limb; enl^-en^, endites 4-6, to compare witli the endites forming the hand of the
male Limnetis. The base of the endopodal region {on 1-3) not differentiated as in the I'hj'llopod limb.

order, and especially the Cladocera; and here, whether we consider the
carapace-valves, the eyes single and compound, the two pairs of antennse,

or the telson,. we find a very close connection in form between Limnetis
and Daphnia or Moina. In the accompanying figure from Grube's
and Weismann's excellent paper on the Daphnidte^ (which we have
slightly modified, introducing dots in the branchial portiou) may be
seen how nearlj^ the first leg of the male of Moina rectirostris agrees
with that of the male Limnetis, as seen in the sixth endite forming
a claw like that of Limnetis, although the tiabellum is not clearly dif-

Tafeln znr Vergleicheuden Anatomie. Von F. Leydig. Tubingen, 1864.
2 Zoology for High Schools and Colleges, figs. 255, 256.
=5 Ueher einiger neue oder unvollkommen gekannte Daphniden. 1877.
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ferentiated from tlie endopodal portion of the limb. But when we
look at the tliird pair of limbs of the female of the same Cladoceran
(fig. 28), we find "an epipodal portion (flabellnm [ex. I and gill) differ-

entiated from the endopodal portion of the limbs. The endopodal

_• - „ end

..^<,^^^^^ST^

\ W
Pig. 28.—One of the third pair of limhs of Moina: end, the endopodal portion ; ex, the exopodal (epi-

podal) portion of the limb.

portion in the Cladocera is not differentiated, not forming a number of
well-marked lobes or endites, as in the Phyllopoda, this differentiation

into six endopodal lobes being peculiar to the Phyllopoda.
The Cladocerous limb is intermediate in form and complication between

the Phyllopodous and Ostracodous limbs, and the latter are evidently
derived from the Copepods, so that there is a continuous ascending
series from the Copepoda through the Ostracoda to the Cladocera, and
tbeuce to the Phyllopoda. Hence, as the young of the Copepoda are
all Nauplii, and also those of the Phyllopoda, it follows that the ances-
tral form of all the Entomostracous Crustacea, as originally insisted on
by Fritz Miiller (Fiir Darwin), was a nauplius like animal.

Comparison with the Decapodous limhs*—Having studied the homolo-
gies of the Phyllopodous limbs among themselves, and also compared
them with those of the Cladocera and Ostracodes, it remains now to

compare the thora<;ic api^eudages of the Phyllopods with those of the
adult Deeapoda. At the outset, however, it seems nearly impossible to

compare the swimming legs of the Phyllopods with the abdominal and
thoracic appendages of Decapods. The thoracic Decapodous legs are

axially jointed, consisting of an axis or protopodit^, which is wanting
in the Phylloi)oda and all lower Crustacea, with no endital lobes as iu

Phyllopods, though the gill and flabellum of the Phyllopods are homolo-
gous with the gills and flabellum of the Decapod, There is no such
relation or close resemblance as to lead us to infer that as regards the
nature of the thoracic and abdominal feet the Decapods have descended
from the Phyllopods. The Decapods have probably come down to ns

by a different branch of the Crustacean ancestral tree, and have arisen

entirely independently of the Phyllopodous branch, by a line leading

* In comparison with those of the Nebalia, the reader is referred to the last chapter
ou PhyllocarUia,
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back directly to the ancestral ISTauplius, tlie common ancestor of all tlie

JS'eoccirida.

Nor does it seem to us that tMs statement or hypotliesis is weakened
wlieu we consider the resemblauces between the thoracic feet of the

Phyllopods and the maxill* and maxillipedes of the Decapoda. When
we comp ire the leg of a Phyllopod with the

second maxillffi* of the lobster or cray-fish, we
can detect a close homology, the chief difference

being in the fact that the lobes of the endopo-

dite are less numerous in the Decapod than in

the Phyllopod. This close resemblance is based
on the fact, which appears to have been over-

looked by Claus and Lankestei", i. e., that, as in fig. 29.—MamiMe of the lobster,

the Phyllopodous limb, the maxillai of theDgf ^o"»»'-«««»*^™«»"^-^«''P^^p"'^-

capods have no jointed axis, the limb consisting of epipodal and endo-

podal portions alone, the stem or axis being wanting. In the maxillipedes,

where part of the endopodal region of the limbs becomes, as Lankester

claims, two multiar-

A.
flab/,

,jj^-

flxib

:^eTV

hp

ticulate endites, the

fifth and sixth ; or, as

in the thoracic leg, be-

comes a single seven-

jointed endite, the
homologies cannot
with certainty be
traced. The lobster's

thoracic leg consists

of the iointed axis
, . , .„,., 1 . a ^, ,. ^ ^>

, . , -J.! 1 ricx. 30.—A, first maxilla of lobster; «2, endopodite; 6^, basipodite;
WillCll IS tne ilOmO- y?a&, Aabellum. B, .second maxilla gf lobster; hp, basipodite (epifiDa-

lno-nf> of nprhin>^ the thus) ; ca;p, coxopodite. (This appeiitacre, with its five eudopodal lobes,

n,i?l 1.:^ V Jr approximates nearest to the Phyllopod limb.)

filth endite of the

Phyllopodous foot, and the complicated gills and gill-fan (scaphogna-

thite) correspond to the gill and flabellum of the Phyllopodous leg or

fiabellum.

In brief the maxillse ofthe Decapoda most

closely resemble the leg of Phyllopods. The
maxillipedes, for example those of the third

pair, are much more diiferentiated than the

flah
flab

cozp

riG. 31.-C, first masilUpede of lobster. Tig. 32.-D second maxillipede
;
ex,

' ^
esopodite; md.endopodite ;/«?), epipo-

dite or flabellum, or scaptogathnite.

limbs of the Phyllocarida or Phyllopoda. In the Decapoda the gill and

flabellum are homologous with those of the groups just enumerated;

* The resemblance to the second maxilliB of the young lobster in its first stage when

freshly hatched is still more striking. See Smith's Early Stages of the American

Lobster, PL XVI, fig. 4.
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while tlie endopodite and exopodite of the Decapoda represent the en-

dopodal portion of the limb of the lower groups. There is in the Phyl-
lopoda no division into a coxopodite and basipodite or stalk, from
which two axially jointed divisions branch off, homologous with the
exopodite and endopodite of the Decapoda. In the latter the max-

FiG. S3.—B, third maxillipedei ccrp, coxoporlite; hp, basipodite; ip, ischiopodite ; '>np, meropodite;
cp, cari)opodite; 'pp, propodite; d^, dactylopodite ; c, inultiaiticulate extremity of exopodite or palpus;
fiab, ('pipodite.

Note.—ThemaxillfB aad maxiTlipedes of the lobster are drawn in their natural position; so far as
possible the exopodal portion (sill and flabellura) dor.sal, and the endopodal portion ventral to compare
witli the Phyllopod limbs. (Compare Plates xxiv and xxxii and Fig. 34. Apus.)

illipede is highly differentiated; in the thoracic limbs of the Phyllo-

carida and Merostomata it is uniaxial and jointed, but in the Phyl-
lopoda not truly jointed. In the simplest Decapod limb, that of

the abdomen, we have a stem succeeded by two divisions, the exopodite
and endopodite ; in the thoracic feet we have but one of these branches,
the endopodite, while in the maxillipedes, the most differentiated, we again
have a stem and two branches (endopodite and exopodite), together with
the gill and flabellum. Thus the entire leg of the Phyllopod (without
the gill and flabellum) is homologous with the endopodite of the Deca-
pod maxillipede, and the gill and flabellum with those of the Decapoda.

Comparison with the thordcic limbs of Nebalia (Phyllocarida).—Not to

enter into detail, by a glance at the accompanying figure (30) and the fig-

ures in Plate XXXVII, as well as the wood-cuts in section VII, it will

be seen that the thoracic appendages of Nebalia consist of an inner
axial, jointed portion (the endopodite), which may perhaps be regarded
as homologous with the endopodite of the Decapod maxillipede, and also

with the thoracic legs of the lobster. This also corresponds to the en-

dopodal unjointed portion of the Phyllopod thoracic limb. In the exo-

podal or respiratory portion [ex) the upper i^art corresponds to the Phyl-
lopod gill, and the double lower j^ortion to the flabellum.

Gomparisonicith the feet of Limulus (Merostomata).—The resemblance
between the abdominal legs of Limulus and the thoracic ones of Xebaiia
is apparent on inspection of figs. 36 and 37 (p. 409). In Limulus the shell

flares out widely and the appendages are united in the middle, although
separate in embryonic life, so that this is a feature of secondary import-
ance. The point of special interest is that the abdominal feet of Limulus
may, as in the thoracic appendages of the Phyllopoda and of the Fhylloca-

r^^a, or the maxillsB, maxillipedes, and thoracic feet of the Decapoda, be di-

vided into an inner endopodal portion (whether ambulatory or natatory),
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and an outer or respiratory portion, as in JSfehalia and Decapoda. The
endopodite of Liinulus [en) is axially jointed, tliere being three well-
marlied joints to this part of the limb. The branchiate portion of the
limb (ex) is homologous with that of Nebalia, and the epipodital or
branchiate portion of the Decapod thoracic limb. At the same time
that of Limulus i:>resents some remarkable peculiarities, *. e., the exo-
podal (or epipodital) portion is jointed ; and the gill, instead of being a
simple tan-like extension, as in the Phyllopoda and Phyllocarida, is re-

placed by a number of flat, thm gill-plates, arranged i)arailel to each
other, in an antero-posterior sense. When, however, we compare the
gill, or rather the epipodital portion of the leg of Limulus, with that of
the lobster we have the various fundamental elements, *. e., an artery
and a vein passing into the foot and in connection with a number of
gill-13lates. In the lobster we have along the base of the gill (fig. 33)
collective veins and an artery into which the blood passes after being
aerated in a large number of cylindrical gill-filaments. Morpholog-
ically there is a fundamental resemblance between the two types of
branchiae; in Limulus there are gill-plates, in Decapods gill-filaments,

each presenting in the aggregate a large respiratory surface. The gills

of the Isopoda are in some degree intermediate between the Decapods
and the Merostomata.
When we compare the anterior or cephalic appendages with the

thoracic appendages of the lobster, there is a close resemblance in the
axially-jointed endopodite (fig. 38, end) of Limulus with its large terminal
claw to the foot of tbe Decapod. The absence of the gill or branchiate
(epipodital) portion in Limulus is correlated with the ambulatory nat-
ure of its anterior or cephalic appendages.

In the trilobites, however, as may be seen by Mr. Walcott^s able res-

toration (fig. 40), we have attached to the thoracic ambulatory feet

a respiratory epipodital portion. In some respects, then, in the trilo-

bites we have a style of structure intermediate between the Merosto-
mata and the Decapoda.
In the trilobite we ai)parently have, besides a true-jointed locomotive

endopodite (fig. 40, en)^ an inner jointed appendage (ew^), which may
be homologized with the exopodite of the Decapod maxillipede (fig.

33). From near its base arises the two singular spiral gills, which are
unique. It is to be observed that the two jointed appendages and the
stem of the gills arise from what appears to be a true coxopodite, and
that this coxopodite is ai)parently homologous with that of Limulus
(fig. 38). It thus appears that a study of the general internal anat-
omy and of the appendages of the normal, recent Crustacea (Neocarida)
throws light upon the structure of the archaic Crustacea {Palwocarides)y
and that the most archaic Keocarida, the Phyllocarida (Nebalia), as re-

gards their thoracic limbs, do not remotely resemble the abdominal
limbs of Limulus. In this connection we would draw attention to fig.

39, which is designed to show the possible relations between Limulus
and Calyraene or the Merostomata and the Trilobita. The essential
difference is in the nature of the limbs; the thoracic limbs of the trilo-

bite, while having a jointed endopodite as in Limulus, also having an
exopodite and a forked spiral gill. Now, if we append to the coxopo-
dite of Limulus an exopodite, and instead of having the gills arranged
anteroposteriorly, like the leaves of a book, have them arranged on one
side (the outer) of a more or less cylindrical epipodite, as we have
drawn them in fig. 39, we shall hardly be tloing greater violence to
nature than we see to occur in any Decapod, where, as may be seen in
fig. 3a of the lobster, the maxillae have no sijecialized exopodite, such
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Fig. 35.—Maxillaof lobster,
with it8 live lobes (1-5) cor-
responding to-the endites of
the Phyllopod thoracic limb.

!FiG. 34.—Section through the thorax of Apus: en, 1-6,

the six endites ; ex, exopodal or respiratory portion of
the limb; c, carapace.

!FlG. 36.—Partly diagrammatic sec-
tion through the thorax of Nebalia : en,
the axial-jointed endopodito; ex, exital
portion or gill (above iri-egularly dot-
ted) and flabellnm below with rows of
dots; c, carapace.

IflG. 37.—Actual section through the abdomen of
Iiimulus: c, carapace; lit, heart; int. infe.stine; ng,
ganglia (lettering being the same as in Pig. 36) ; en,

axial, jointed endopodite; ex. exital or respiratory
portion bearing the gill-lamollffi; the outer division
(ex) homologous with the exopodal portion of the
Phyllopod and Phyllocaiidan appendage.
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!Fi6. 3R.—Actual section thronsh the head of Limiilus, showing the second pair of appendages and
their relations to the shell or carapace: ht, heart; lii\ liver; end, appendage homologoua with the en-
dopodito of Decapoda.

Fig. 39.—Diagrammatic section through hody
of a hypothetical fo#m to show the possible ho-
mologies brtwei'u till', appendages of Limulua and
a trilobite; the lettering as in S"ig. 40.

Pig. 40.—Restored section of the thorax of a
trilobite (Calymeu»>) after Walcott: c, carapace;
en, endopodite; en', exopodite, with the gills

on the esopodal or respiratory part of the ap-
pendage.
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as is so ^ell marked in the maxillipedes, and the thoracic le^'S possess
not even the rudiments. Change of function and radical changes of
structure are most extreme in the
Malacostracous Crustacea, from the
Brachyura to the Isopoda and Am-
phipoda. If so startling in these com-
paratively recent forms, it is not to

\)e wondered at that still greater and
more fundamental modifications of

the Crustacean type obtain in the
archaic forms, the Pahtsocarides, of

which Limulus is the sole survivor.
^

To those who insist on the Arachni-
dau affinities of the Merostomata, we s
would suggest that the same shifting

and change of function and structure

is to be observed among the Trache-
ate Arthropoda, and that Limulus is

not less a genuine Branchiate Ar-
thropod for presenting some features
analogous to the Arachnida.
A study of the Phyllopoda and cp

Phyllocarida must tend to confirm
the view we have expressed as to the
synthetic, or generalized nature of

Limuhis, while we have in another
place endeavored to show in the
light of A. Milne-Edwards' anatom-
ical studies on Limulus, that it is

an abnormal Crustacean and far re-

moved from the Branchiopoda; there
are nevertheless some points in which
it comes in contact with the Phyllo-
poda, and which have been noticed
ever since the time when O. ¥. Muller
comprised Apus in his genus ^^Limu-
lus.'" If the reader will comj^are the
accompanying longitudinal section of
Limulus with our section of A])us
in PI. XXXVII, some striking resem-
blances will be seen 5 external ij^ the
front edge of the carapace, i. e., the
frontal doublure, so well adapted for

burrowing in the mud ; the relations

of the hypostoma or labrum, and the
retention of the ocelli, as well as the
mode of moulting the shell, are ex-

ternal points of resemblance, while riG.il.-SectionthroiighasmillLinmluapol.y
. . 4j-, ., „ , J r- ,-, 1 - pnenius (much enlai-cjeU), to compare with a ueo
internally the iront part Ot the head candousCiustaceau'such as Apus: Iw. llvor; pr,

filled with the lobules of the liver,f^^'^^ ^i^^^^U^^^^;,^;^^
the oblique, long, narrow, ceSOpha-intBstiue; «, anus; Ir, brain; m, moiuh; or,

gus,thepositionofthestomach under '^'^"^^'^""'^"^ '^^"»' ''^' ^Mommai ganglia.

the eyes so far in front in the head, the siini3le archi-cerebrum, the gen-
eral form of the heart, and the guathob.ases near the mouth are addi-

tional points of resemblance.



412 GEOLOGICAL SUEVEY OF THE TEERITORIES.

In Ms little tract on Worms and Crustacea,^ Professor Hyatt refers

to the simple eyes of Limiilus, as if they were the primitive eyes, re-

tained from larval life. The structure of the two simple eyes of Limulus
appears to he in some important respects quite different from that of
Apus, Estheria, and other Phyllopods, in which there is a circle of
cones, while in Limulus there is a single large corneal lens on the same
plan as the facets of the composed eye of the same animal. If, how-
ever, these simple eyes, be regarded as sur\4vors of the primitive larval
eye, it would suggest that Limulus and all Merostomata which have
similar eyes, have like the Neocarida, descended from a Nauplius an-
cestor; although the development of Limulus polyphemus has been
shown to be an abbreviated one, the young hatching in the form of the
adult. The presence of the single eyes would of course be an argu-
ment for its Crustacean affinities ; while on the other hand the posses-
sion of compound eyes is a still more important Crustacean character.
Another point of interest is the mode of moulting in Limulus as com-

pared with Apus. From our childhood we have found the cast shells

of Limulus, with the carapace split around the edge of the doablure,
and we have a i)artially moulted specimen in alcohol. We have not
seen a cast skin of Apus, but on asking Dr. Gissler, who has raised the
young Apus from the egg^ as to the mode of exuviation in this Crus-
tacean, he writes me as follows :

" I am certain that the larvae of Apus
(from skins examined) split across or just in front of the eyes, and with
two or three jerks the animal rids itself of the underlying skin." It

would appear then that Apus, which is shaped in front so much like

Limulus moults in a nearly similar manner.
In a general way we accept the homologies pointed out by Professor

Lankester between the Phyllopodous leg and the maxillae and maxilli-

pedes of the cray^fish, but think that he, in common with Professor
Huxley, pushes the homologies too far when he proceeds (on p. 365) to

compare minutely the first leg of Apus with the third maxillipedes of
Astacus. We do not, as we have stated on p. 391, regard the axis of
Apus as truly jointed, and he stretches his homologies entirely too far
when he attempts to homologize the first and second endites of Apus
with the coxopodite of Astacus; and the third and fourth exites of
Apus with the basipodite of Astacus. We would suggest that here, as
among the orders of Arachnida, or Hexapoda, or Myriopoda^ if we do not
stop at a certain point, we are led into erroneous and misleading attempts
at too close homologies. We should, it seems to us, bear in mind the
fact that there are ordinal and class homologies; or, in other words,
there are different degrees of blood relationship, i. e., different and more
or less parallel branches of the Crustacean genealogical tree.

The Decapods did not descend directly from the Phyllopods, but by
a longer line, independent on the one hand from the Phyllocaridous an-
cestral line, and on the other from the Branchiopodous stem or branch.
But a comparison between the Phyllopodous leg and Decapod maxillae
and maxillipedes shows that the Decapod exopodite is but a modified
endopodital lobe, and is not homologous with the exites of the Ph\ 1-

lopods, the latter corresponding to the epipodite (or gills and flabellum,
of the Decapods. We have seen that in all Phyllopods the gill and fla-

bellum are differentiated iDarts of the epipodal portion of the leg (epipo-
dite). Huxley's view, that the base of the corm or " protopodite" of the
first thoracic foot is the endopodite, and the endites are merely secoud-

iBoston Society of Natural History. Guides for Science Teaching, No. VII, Worms
and. Crustacea. By Alpheus Hyatt, Boston, 1882.
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ary processes, is apparently not correct. We regard the Pliyllopodous

limb as not difierentiated into an axially-jointed portion, but that it is

divided into a dorsal and ventral portion, the outer side of the limb
being epipodal and the inner side endopodal, the endites of Lankester
being processes of the endopodal portion.

Returning now to the general homologies of the Crustacean limb, in

the light of Professor Lankester's suggestions as to the nomenclature
of the limbs of Apus, and from our knowledge of the limbs of Crustacea
from the Copepoda and Ostracoda upward, and more especially the
Cladocera, Phyllopoda, and Phyllocarida compared with the Decapoda
(the Tetradecapoda being considered as a side branch of the Malacos-

traca and not affecting the general homologies here given), we would
suggest the following views

:

Looking at the generalized legs of the Cladocera as exemplified in

Moina (fig. 28, third pair), we see that there is no specialized axis or

stem, and that the limb may be divided into an outer, partly dorsal or

respiratory epipodal moiety (the dotted portion in the figures), and an
inner, ventral locomotive moiety, which may be called the endopodal
X)ortion of the limb.

Now, if we look at the figures in the plates we shall see that the larger

part of the epipodal or respiratory portion of the limb is thrown up over

the back, as seen in the side view of Limnetis, Ustheria, Limnadia (Plates

I, III-V), or in the sections of Ustheria (Plate XXIY), Apus (Plate

XXXII, fig 2), or TJiamnoceplialus (Plate XIV, fig. 4). This relation is

also seen in the lobster or cray-fish upon removing the side of the cara-

pace; the branchiae and flabellum are thrown up dorsally, while the loco-

motive portions of the limb hang down or are usually directed forward.

The importance of the epipodal or branchial i^ortions of the limb has been
underestimated by writers on the homologies of the Crustacea, because
they have viewed the subject from the standpoint of the Decapodous
structure, where the epipodites are comparatively unimportant. But in

the order Branchiapoda these parts are often quite as well developed as

the endopodal, and are not only respiratory, but, as in the large fla-

bellum of the Phyllopods, are largely locomotive, while in the Limna-
diadce and Apodidm tliey are variously modified to carry the eggs.

The epipodal portion is differentiated into the flabellum and branchia

or gill, the simple gill of the Phyllopods being the homologue of the

highly differentiated complex decapod gill ; and the fan-like flabellum

of Apus, for example, is the homologue of the scaptognathite of the

Decapoda. The gill and flabellum might be properly called hranchites,

but we have adopted Lankester's term, exites, for these parts.

The endopodal or locomotive portion of the limb of the PhyEopod is

differentiated into six lobes or endites (Lankester); there being no parts

corresponding to the stem or protopodite (the coxopodite and basipodite

together) of Decapods. These are to be found only in the Decapoda.

In A-pus there is a slight approach to the Decapodous protopodite, but
we differ from Huxley or Lankester in regarding the base of the apodid
leg as truly axial and jointed, as the supposed joints are shifting and
with incomplete articulations. Lankester considers "that the endopo-

dite of the Astacus maxillipede is the homologue of the endite 5 of the

Apus limb ; its exopodite is homologous with endite 6 of the Apus limb,

and its epipodite is homologous with the flabellum of the Aj;«s limb."

(Quart. Jour. Micr. Sc, 1881, p. 365.)
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The nomenclature and synonymy of the parts of the Crustacean limb
in general may, then, be tabulated as follows

:

( Epipodite, flabellura, scapliognatliite, gill-scraper, giU-fan. (In Limnadia
Epipodal portion of limb .. < upper or dorsal (br) part (oviger) ana lower (&/•').

(Branchia, gill.
' 6 endites in Phyllopod thoracic legs.

5 endites in 2d maxilla of Astacns and Sergestes.
4 endites in 1st masillipede of Astacns and Sergestes.
2 endites (5th and Gth endopodite and exopodite) in 3d maxilli-
pede of Aetacus and Homarus.

1 endite ? (=5thPhjlIopod endite?) in thoracic leg of Homams and
Astacus arising from a 2-iointed axis or protopodite (consisting
of coxopodite and babipodite), to which are appended
(a) epipodite and brauchia.

f 5 dactylopodite.

(&) (endopodite) the leg in Decapoda with 5
] \ ^^^^^^^hVa

joints. 1 o
'"rpoponite.

' 2 meropodifce.

(, 1 ischiopodite.

The carapace.—This is seen, when we study the development of the
Phyllopods, to originate in the Nauplius as the undifferentiated covering
or tergal portions of the first and second and mandibular segments of
the Nauplius, which become enlarged during the successive moults
of the animal until, as in JEstheria or Limnadia^, it may cover the
entire body. In adult life it becomes bivalvular and is attached to

the body by the adductor muscle, which is situated in the mandibular
segment, the prae-oral part of the head in the Limnadiad^B and Apodidw
being more or less diflerentiated from the carapace proper.

As long ago pointed out by Professor Dana, the carapace of the De-
capoda (the lobster for example) is a development of the tergal portion
of the second antennal and mandibular segments. The development
of Penwus and Eupliausia from the naujjlius to the adult confirms the
view that the caraj^ace is originally the antennal and mandibular tergites

which form a single carapace and finally covers the cephalothorax of

Decapoda. That no part of the carapace represents the thorax is

seen in the zoeal carapace which covers the front part of the body before
the thoracic segments are developed.

HOMOLOGY OF THE EYES.

When we consider the nature of the compound eye of the Cladocera
and Phyllopoda and study the mode of development of the cornea from
epidermal cells, we see that the eye-stalk of the Brauchipod eye is

sirai^ly an unjointed iDrotuberance of the first antennal segment, and
can in no way be regarded as the homologue of a jointed appendage.
Moreover, the embryology of these Crustacea shows that the compound
eyes are developed upon the tergal part of the first segment of the head,
and that there are no traces of a pree-antennal segment.

In the Decapoda our unpublished observations on various zoese {Lupa^
Palccmon and Tozeuma caroUnensis), as well as the data given by those
who have written on the embryology and metamorphosis of Decapods,
all show that the faceted stalked eyes of Decapods should not be re-

garded as homologues of the legs, although eminent authorities, such
as Huxley, Claus and others, regard them as being the morx^hological
equivalent of the succeeding jointed members. In Tetradecapods the

comiwund eyes are invariably sessile. In the Merostomata, Limulus, as

1 In Limnadia, as shown by Lereboullet (see Fig. 43), and in Estheria, as stated by
Claus, the carapace valves apparently arise from a j^ost-mandibular segment, but this

is exceptional amoug the Phyllopods.
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well as its fossil allies, and tlie Eurypterida, tbe compound eyes are sessile

and situated on the third segment of the head, and, as we have endeav-

ored to show in our essay on the development of JLimulus polypliemitSj^

the stalked eyes of Decapods do not represent a pair of appendages.

v.—THE DEVELOPMENT, METAMOEPHOSES, AND GENE-
ALOGY OF PHYLLOPODS.

I.

—

The Nauplius form in the Phyllopods.

As introductory to the notes furnished by Dr. Gissler on the develop-

ment of Apus and Streptoceplialus^ we will i:)reface his remarks with

some account of the early phases of different Phyllopods, beginning

with Limnetis, as worked out by Grube.^

The young of this genus is a Nauplius of peculiar form, with three

pairs of ai)pendages, a very large carapace which covers the entire body,

and the edges of which are serrated. The carapace is larger than in any
other Phyilopod larva known, and there are two large lateral hornlike

projections from each side of the head in front of the iirst pair of ap-

pendages. The labrum is not especially developed, while in the other

genera it forms a characteristic feature of Phyilopod naui>lii.

Limnetis gouldii has a nauplius of the same general shape as the

European species, as we have received specimens of a similar carapace

from Hanover, N. H.
A quite full account of the development of Limnadia licrmanni has

been given by Le-
reboullet. Fig. 42
represents the
fr e shly-li a t ch e d
Nauplius, which is

of very primitive
form. The first

pair of antenuse
are in the Nau-
l^lius wanting, not
budding out until

near adult life.

J-he laurum (to) Pig.42.—NaupUusofiiwrnadiaTicrw^?!?!!. cnf^ggcond antenna ;md, man-

is enormous and. ^^^'®; to, labrum. Much enlarged. After Lereboullet.

very long. The carapace arises in this genus, as also in Estheria, from
a x)oint in the head just behind the mandibular segment. Fig. 43 rep-

resents the larva before the first antennae have begun to grow out.

The ocellus is still large and i^erforms its functions, while the abdomen
ends in a pair of uropoda. The development of Estheria^ as given in a
fragmentary way by Joly, shows that the Nauplius differs mainly from
that of Limnadia in the labrum being three-toothed at the end.

Fig. 44 represents the freshly hatched larva of Apus cancrifonnis

;

the usual three pairs of nauplius-appendages representing the first and
se<iond antennse, and the mandibles of the adult are present^ while the
ovate body is segmented behind the mandibular segment.
The first larval stage of Lepidurus, as worked out by Brauer (Figs. 45,

46), is rather different from that of Apus. The limbs are slenderer, and a
rudimentary carapace arises on the antennal segments, while the body
behind is not segmented.

'Memoirs Boston Soc. Nat. Hist., 1872, Vol. I, pp. 174, 175.

^Bemerkimgeii iiber die Phyllopoden.
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rnd/

Plate XXII, fig. 1, provisionally represents the freshly hatched larva
of Arteniia gracilis,

which we observed at
Great Salt Lake, Utah,
the drawing having
been made from an al-

coholic specimen. On
comparing it with
Clans' figure of the
freshly hatched larva
or Nauplins of the
European Branchipus
stagnalis (iFig. 47) the
first anteunse are seen
to be much shorter;

the second pair with
much shorter and
smaller setse; while
the mandibles are
nearly destitute of
setie. Moreover the
body is segmented be-

hind the mandibles.
Our Salt Lake Ar-

temia differs from the
figures of the Euro-
pean J.rfemiasaZma in

the shorter first anten-
nae; in the shorter and

of the
But

a single larva was, however, observed, and our figure is, though a camera
drawing, subject to future correction.

Tig. 43.—Advanced larva of Limnadia hermanni, lettprinj: as in flf;. -,,
,

42. sh, carapace valves ; i/if, intestine ; Z, liver, mnch enlarged. After Smaller SCtcB
Lerebouiiet. sccoud antcnnse.

Fig. 44.—!N'auplius freshly hatched, of Apiis
cancriformis. s, segments IJehind the manflib-
iilar segment; I, liver j e, simple eye. After
Claus.

Fig. 45.—Naupliua of Lepidurus
much enlarged. After Brauer.

THE GENEALOGY OF THE PHYXLOPODA.

In considering the question of the genealogy of the Phyllopods, we
have two sets of considerations to guide us. First the embryology,
anatomy, affinities, and systematic position of the group, and second
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46.— Advanced
larva of Lepidurua en-
larged. After Brauer.

tlieir xJalPBontoiogical history, the latter being an important check upon
any errors arising in the former.
^ it has seemed to us the more natural view that the systematic posi-

tion and relations of the
Phyllopods, as compared
with the Cladocera, is that

tbe PhyHopods are simply
a highly developed and ex-

tremely specialized branch
ofaCIadoceroussteni; that

the Cladocer.T. are a step

higher than the Ostracoda,

which connect the Bran-
cMopoda with the Copepoda.

There is a tolerably com-
plete ascending series of

forms, beginning with the
r^ 1 11- „+,• . Fig. 47.

—

^auvilma of Branchi-
Copepoda and culminating ^^sstaf^nazis. After ciaus.

in the Phyllopods. Here
we should stop, and in endeavoring to account for the origin of the De-

capoda, we do not see what facts there are to sustain the view that the

highly specialized Decapoda, much less the Tetradecapoda, originated

from the Phyllopods or forms like them. The more natural view is that

the Malacostraca originated by a direct line of ancestral forms, resem-

bling the zoea, protozoea, «&c., beginning with a ISTauplius condition

;

the development of Peno3us and Leucifer giving us data for such a hy-

pothesis.

Hence the Phyllopods and Decapods, for example, for a time proba-

bly followed the same developmental path or rather parallel paths. The
Phyllopods, culminating in the highly specialized peculiar type of Apo-

didw and especially the BrancliipodldcG^ were the flowering out or con-

sumation of, so to speaiv, the Branchipodous branch of the Neocaridaii

crustacean tree. On the other hand the Decapods, beginning with the

JSTauplius form, i^erhaps more rapidly and by an accelerated course of

development comparatively late in l)al^^eo^tological history, assumed the

primitive Decapodous characteristics perhaps before the Phy]lo])odous

type had been perfected, but in the Tertiary Period culminated in a great

profusion and luxuriance of forms, remarkable for the number of species

and variety of shapes of macrourous and especially brachyurous types.

The palteontological history of the TSTeocarida, as we have endeavored
to show by the diagram ou p. 361, shows that the shrimps existed dur-

ing the Devonian, 1 that the crabs wi-re already in existence during

the Carboniferous Period, before the Apodidw and BrcmcMpodidm had,

judging by their fossil remains, aiipeared ; while the Limnadiadce, gen-

uine Phyllopods, ap])cared before any Decapods in the Devonian, the

Ostracodes being abundant in the Lower Silurian strata. It seems to us

therefore most probable from a geological standpoint that the Decapods
could not have originated from the Phyllopods, as the two types were
developed during the Palseozoic era.

That the Phyllocarida were developed independently either of the

Phyllopods or of the Decapods seems probable from the fact that the

Phyllocaridan type became established as early as the Lower Silurian.

We shall see that the Phyllocarida are not related to the zoea of Dec-
apods, and that the Decapods probably did not originate from them.

^ Palvsoimlcemon neivlerryn lias been described by Wliitfield from the Devonian of

Ohio.

27 H
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Hence the three orders of BrancJiiopoda, the Phyllocarida, and the Bee-
apoda (with the Tetradecapoda) must, it appears to us, have indepen-
dently of each other originated from some Laurentian Nauplius-like
form.
The views of Claus and some important criticisms upon them are

given at length by Mr. Balfour in his valuable Comparative Embryol-
ogy, while we would observe that neither Claus, Dohrn, nor Balfour
appear to refer to the palteontological history of the Crustacea.

Professor Claus, in his suggestive work on the genealogy of Crustacea,
according to Balfour, claims that the later Nauplius stages of the dif-

ferent Entomostracan groups and the Malacostraca {Penceus larva) ex-

hibit undoubted Phyllopod affinities. He therefore postulates the earlier

existence of a Protophyllopod form, from which he believes all the Crus-
tacean groups to have diverged. This ancestral form, Balfour thinks,

had three anterior j)airs of appendages similar to those of existing

Nauplii. It may have had a segmented body behind the third pair of

appendages provided with simple biramous appendages. A heart and
cephalothoracic shield may also have been present, though the existence

of the latter is perhaps doubtful. There was no doubt a median simple
eye, but, adds Balfour, it is difficult to decide whether or no paired com-
pound eyes were also present. The tail ended in a fork, between the
X3rongs of which the anus opened, and the mouth was protected by a
large upper lip. " In fact, it may very probably turn out that the most
primitive Crustacea more resembled an Apus larva at the moult imme-
diately before the appendages lose their JSTauplius characters (fig. 208
B), or a Cyclops larva just before the Cyclops stage (fig. 229), than the
earliest Nauplius of either of these forms" (Balfour, j). 418).

That the Decapods and Phyllopods may have originated from such a
form as Balfour thus depicts seems to us to be quite probable.
Mr. Balfour, on page 880, states that " the BrcmcMopoda, comprising

under that term the Phyllopoda and Cladocera, contain the Crustacea with
the maximum number of segments and the least differentiation of the
separate appendages. This and other considerations render it probable
that they are to be regarded as the most central group of the Crusta-
ceans, and as in many respects least modified from the ancestral type
from which all the groups have originated."

Against this view may be, however, offered two criticisms. The ex-

cessive number of segments in the Apodidm is paralleled among the
Tracheafa by the Chilopods, in which the numerous segments appear to
have each two pairs of feet, and these Myriopoda are j)robably not the
more ancestral, generalized Myriopodous forms, the Pauropus and
Eurypauropus being much more so, these forms having few segments,
'each with no more than one pair of feet. The excessive number of seg-

ments in A2ms and the irrelative repetition of abdominal feet appear to

us to be signs of a vegetative repetition of parts in a type which has
•culminated, and is subject to decline and extinction.

Again, iu Polyartemia, with its 19 pair of feet, where Artemia has the
normal number of eleven (within its family limits) appears to us like

Apus to be a highly specialized and extreme form } Artemia being the
more generalized, though, as compared with Branchiptis, a degrada-
tional form.
The view that the Phyllopods "are members of a group which was

previously much larger and the most central of all the Crustacean
groups," is not fully sustained by zoogeography or palseoutology. At
present all Phyllopods are fresh-water forms, and they are exceptionally
Tare forms, occurring only locally, though every continent has its quota
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of these Crustacea. There are no marine allies of the Phyllopods.
Moreover all the fossil forms appear to have been fresh-water forms,
their remains occuring in fresh-water strata. No fossil Phyllopods
have occurred as yet previous to the Devonian Period.
The difQculty is (and this is a point apparently overlooked by Fritz

Miiller, Dohrn, Claus, and Balfour) to account for the origination of the
Phyllopods at all from any marine forms. The only explanation we can
suggest is that the Phyllopods have arisen through Limnetis directly

from some originally marine Cladocerous type like the marine forms now
existing, such as Evadne. We imagine that when a permanent body of
fresh water became established, as, for example, in j)erhaps early Silu-

rian times, the marine forms carried into it in the egg-condition, possi-

bly by birds or by high winds, hatched young, which, under favorable
conditions, changed into Sida, Moina, and Daphnia-like forms. The
Cladocera are, then, probably the more generalized forms, from which
the Phyllopods, at this time and probably ever since Devonian times,
par excellence a fresh-water assemblage of forms, took their origin. This
view, ifc seems to us, accords with the well known facts in the biology
and palaeontology of these forms.
The view which we believe Dohrn entertains, and to which Mr. Bal-

four gives some support (though Clans opposes it), that the Ostracoda
may have decended from ancestors with a larger number of appendages
than they have at present, appears to us to be negatived by the fact

that their valves are so abundant in the lowest palaeozoic rocks. The
tyj)e appears to have persisted and to have remained unchanged from
the Potsdam Period to the present day, and is more marine than fresh
water. So close do the lower Cladocera approximate to Cypris that the
transformation of an Ostracode^ into a Cladoceran, and a Cladoceran
into a Phyllopod, is much more easily imaginable than a hyijothetical
Protophyllopod ancestor for the Phyllopods.
All this clears the way for the view that the Malacostraca had an in-

dependent origin from some Nauplius, through, we will admit, some an-
cestral Protophyllopod form which was succeeded by a protozoea, and
finally a zoea, the ancestor of the existing Decapods as a whole 5 and it

also leaves open a field for the independent evolution of the Phyllocari-
dan type, composed of gigantic Nebalia-like Silurian forms, which also
have originated at a much earlier date than the Decapods, and have
held somewhat the same relations to the Decapods as the Eurypterida
did to the Limuli.
In conclusion, therefore, we consider the Phyllopods as a whole,

especially the Apodidce and BrancMpodidce, to be a comparatively recent,
highly specialized group, which were developed under exceptional bio-

logical conditions in bodies of fresh water, and which, as in Apus, show
that this branch of the Crustacean genealogical tree has culminated.
The irrelative repetition of the segments and appendages (in Apus)
gives evidence that the type, so far from being ancestral, is one com-
paratively modern, specialized, and fully worked out.

1 Balfour remarks that "the independent origin of the Ostracoda from the main
Crustacean stem seems probable." Page 424.
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VI. MISCELLANEOUS NOTES ON THE EEPKODFCTIVL HAB-
ITS OP BRANCHI0P0DID.E.1

By Carl P. Gissler, Ph. D.

I. EUBRANCHIPUS VBRNALIS Verrill.^

Among tlie very large individuals gathered during the past winter
(1879-'80), I found a male and female, each with but one right clasper.

Several experiments on Eubrauchipus showed that the least artificially

applied lesion of the clasi)ers proved to be fatal to them, and so I am
inclined to see in the above mentioned two specimens simply a mal-
formation acquired through some unknown cause at an early larval

stage. Where the other claspers ought to be the integument is perfectly

smooth and rounded. During eleven days I could never see the mal-
formed male in copulation, although I always noticed him pursuing the
females. He was frequently seen to be touched by other normal males,

especially when they approached his left side from behind, on account
of the missing left clasper, and also probably on account of the exces-

sively swollen genital segment, taking it for a fenaale bag. This singu-

lar individual presented altogether much oddity in its behavior. Un-
like the others, it often swam suddenly through the aquarium in a bee-

line, frequently resting on its back at the bottom of the jar for 10 or 12

minutes, slowly moving its branchipeds. Perfect sammersaults and
other curious motions were often noticed.

The malforined female did not i)resent any odd movements; I kept it

for several days alive and could see no other anomaly about it. The
largest females usually preferred the bottom of the aquarium as a
protection against the ever-attacking males. In old females I often no-

ticed a laceration of the furca^ (sometimes entirely gnawed off), caused
by insect-larvae crawling about the bottom. They bear a lacerated

furca well for a long time, as the farca merely consists of chitin and
bristled integument.
' The larger i)onds were found already in January to swarm with Lym-
netis gouldii Baird, a great number of a species of Daphnia, many Cy-
pridinse, Cyclopidse, and Calanidse.

If the months of November and December are mild, as has been the
case during the past three years, there occur in January adults 1^ inches

long, as well as larvae of only a few millimeters in length. Three years
ago they disappeared in the beginning of May, year before last in April,

last year in March, and this year (1881) in the middle of April. A sudden
change in temi3erature, warm or cold, will cause them to disappear for

two or three days, wben, after another change, they suddenly reappear
diminished in number and in comijany with another young generation.

The female sexual organs of the red Eubranchipus vernalis are less

complicated than those of its pale races, and I have occasionally alluded

to them in describing those of the latter.

Copulation in the red Eubrauchipus lasts but a moment, and on this

account I was unable to closely observe the same.

SEXUAL ORGANS. (Plate XXII.)

(1.) Male organs.—The posterior (lower) tapering end of the testicle is

fastened by a very fine hyaline thread to the wall near the eighth post-

1 This is in part a continuation of a paper entitled "Evidences of the effect of chem-
ico-physieal influences in the evolution of Branchiopod Crustaceans," read before the
29th meeting of the Amer. Assoc. Adv. Sc. held at Boston, Aug. 1880.

2 Observations on Phyllopod Crustacea, ^etc, by Prof. A. E. Vemll, 1869.
3 The red Eubrauchipus has a white furca, the pale races have a red furca.



PACKARD.] KEPRODUCTIVE HABITS OF BEANCHIOPODIDJE. 421

abdominal segment; it broadens rather suddenly, and reaches up in the
form of a whitish tape to near the middle of the united genital segments,
where it expands and suddenly contracts again into a more cylindrical,

narrow string, the vas deferens, for but a short distance, after which
follows a second larger expansion, representing the seminal vesicle,

bending knee-shai)ed down and outward, and after again narrowing to

a tubular ducr, the ductus ejaculatorius, is iuterrui^ted several times
with what I take to be accessory glands, just before entering the termi-

nal extensile portion, the complicated muscular apparatus. The cirri

are non-perforated, and supplied with minute booklets (as in Branch-
ipus grubei and B. stagnalis). At its base several powerful muscles
insert themselves, the musculi retrahentes.

The anterior (upijer) end of the testicle is in younger individuals

of the red Eubranchipus and pale race A an obliquely cut-off tip, as
Spangenberg^ figures it in BrancJiipus stagnalis, but in set B no trace of
this prolongation, either in younger or older individuals, can be seen,

thus resembling Dr. F. Leydig's figure.^

The complicated muscle-apparatus, described and figured by Dr. H.
Nietsche^ {Branch, grubei), occurs also in Eubranchipus and its pale
races, the cirrus being likewise non-perforated and hooked. Chitinou
j)apilli {Branchi/pus grubei) and spines {Branchipus stagnalis) I could not
observe.

(2.) Female organs (pale).—The spirally-wound ovary extends in setB
(and A?) not only with its posterior end into the penultimate post-ab-

dominal segment (as in red Eubranchii)us, Branchipus grubei and B.
stagnalis), but also with the anterior (upper) end up to the limit of the
fourth last pair of branchipeds.*

I have often observed in living specimens from 5 to 6 plasmatic eggs
of a turbid white color in the upper ovarial string, but then the post-
abdominal section on the same side was empty, or the reverse. I also

occasionally observed both sections, the anterior and posterior, full of
jjlasmatic eggs, and at the moment ot entering the oviduct by jerks from
the posterior section, the anterior portion of the ovary remained filled

for some time until also emptied into the oviduct. The emptying of
the anterior section usually took place also on i)utting live si3ecimens
into alcohol, and in this instance the posterior portion remained filled.

The eggs of the anterior section have the same form and appearance as
those of the posterior.

Another notable fact is a very short, transverse, tubular anastomosis
within the sixth and near the seventh post-abdominal segment. This I
have not seen to occur in the females of red Eubranchipus, neither have I

found it in all females of the pale races. The anastomosis^ passes
binder (ventrally) the intestinal tract, and is sometimes filled with 2 or 3
plasmatic eggs. It is about 1,^™"^ long, narrower than the lateral ova-
ries ; its skin apparently muscular, since the eggs are squeezed side-

ways out into the lateral strings when live specimens are placed in

alcohol, or when, by a jerk, the eggs enter the oviduct.

1 Zar Kenntniss von Branchipus stagnalis von Dr. Friedrich. Spangenberg, mit Tafel
I-III. Zeitsch. f. wiss. Zoologie, xxv; Supplemeutheft, 1875, Fig, 28, t.

" Dr. Franz Leydig, *
' Ueber Artemia salina und Branchipus stagnalis." Zeit. f. wiss.

Zool. iii, 1851, Taf. VIII.
3 Dr. Heinrich Mtsche, "Ueber die Geischlechtsorgane von Branch. Grubei von Dy-

bowsky" in Zeit. f. wiss. Zool., xxv, page 281, Taf. XXII.
• Schmaukewitsch doubts whether or not some of the branchiped-bearing body-seg-

ments beloug to the post-abdomen. The peculiar arrangement of the ovary here seems
to give support to this assumption. See Zeit. f. wiss. Zool. 1875, pages 114 and 115;
also Spangenberg, in op. cit. pages 8 and 9; and Nietsche in o}). cit.

5 This anastomosis indicates a sexual relationship with certain Schizopod and Cope-
poda.
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A little above the middle of the genital segment thetwo ovaries are rather
loosely attached to a yellowish and somewhat trilobed body,^ the median
(unpaired) funnel of the two oviducts. I said " looselj^," because on macer-
ating- a female in dilute acetic acid this funnel as well as the two ovarial
strings se])arate, the funnel usually remaining loosely—apparently only
attached by connective tissue—to one of the strings, and sometimes it

is entirely separated. The two oviducts resemble inflated pig-bladders

;

their skin is very muscular and elastic. The lower (outer) terminus of
each oviduct appears to be closed by a sort of a sphincter, since the eggs
contained therein (often crammed together) will be retained until the
chorion is formed. The time occupied is very variable, but I have
neglected to record the same. After copulation the eggs are emptied
from the oviducts into the outer "uterine" bag, where they appear in

the shape of a small cluster at each outer side of the two oviducts, where
they undergo the j^rocess of segmentation. This outer bag consists of
a very thin but tough chitinous skin inclosing the two oviducts and the
cement-glands, and is fastened with a broad base to the upper (anterior)

part of the external genital bag. Its exit is a very short tip in the me-
dian line and connects with the outer valve. The eggs are now still plas-

matic, not quite spherical in shape, and remain in their present place,
surrounded by the brown cement-glands, during continual rhythmic mo-
tions produced by a ramified muscle-net,^ for from 14 to 20 hours. At
the end of this time they are perfectly spherical, having received by the
liquid brown secretion of the gland (the gland-lobules are now perfectly
colorless, the brown secretion surrounding the eggs), a chitinous, light-

brown, finely granulated egg-shell.

The cement-gland consists of three nearly equal, long, parallel, and
longitudinal sections ; there are two lateral and a median section. The
median section (between the two oviducts) has now acquired a dark-
blue hue. The newly-formed ovarial eggs have meanwhile also entered
the oviduct, and, after copulation, are again emptied from the oviduct
into the outer "uterine" bag, simultaneously expelling the already
X)resent light-brown eggs around the oviducts toward the median line,

where they cluster in the median dark-blue cement gland. After two
hours the blue glands become colorless, and again, after some three or
four hours, they turn from a slight pink into brown. There the eggs
remain until they become dark brown and very hard, afterwards to be
deposited through the median apex of the inner uterine bag and thence
through the valvule into the water, where they sink down.

Eemarlcs.—In a paper read before the American Association Adv.
Science, 1881, I have referred the evolutionary changes seen in the
pale races to direct chemico-physical influences ;

^ morphological differ-

ences were explained through Wagner's migration theory,"^ as well as
through Darwin's selection theory.^
Morphological changes, such as seen in set B, C, and (?) D, may be

regarded as a sort of Hypertelie,*' (specimens, not showing similarity in
form without purpose, originate after certain laws, slumbering in them
until the phenomenon, Hypertelie, is animated by external influences.)

* Probably -what Spaujjenberg (page 46, op. cit.) took for a receptaciilum semiDis.
2 See R. Bncbholz, "Ueber Brauchipus Grubei" in Scbriften der phys.-cecon. Gesell.

zu Konigsberg, v, page 100, Taf. Ill, and also F. Leydig iu op. cit.

3 See Schmankewitscb, loc. cit., and same autbor in Zeit. f. wiss. Zool. 1877, XXIX:
"Ueber den Eiuflnss ilnsserer Lebensbediugnngeu anfdie Organisation der Tbiere."
*"Die Darwin'scbe Theorie und das Migrationsgesetz der Oiganismen" von Dr.

Moritz Wagner, 1868. See, also, "Kosmos," iv, Aiiril, 1880; " Ueber die Entstebung
der Arten durcb Absondernng" von Dr. M. Wagner,

6 "On tbe origin of species by means of natural selection," 1859.
6 "Ueber Hypertelie in der Natur" iu Verbandlungen der k. k. zool.-bot. Gesellscli.

za Wien, 1873, xxiii, page 133.
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The indirect factor of tlie red color^ (or green, of others) of Eiibran-
chipus I assume to be microscopic organisms contained in the soil of the
ponds, primarily and gradually acted upon by quercitaunic acid or tan-

nates and humus.
I have grave doubts whether to regard the pale races, set B, as par-

tially starved individuals, since their nourishment consists of organic
matter contained in the mud. The latter is taken up in precisely the
same manner as known in the European Branchipus stagnalis, i. e., by
striking with the occipital part of the head against the mud, thus filling

through the agitated mud the ventral median canal between the bran-
chipeds, and thence by gradual paddling, the mud will pass therefrom
toward the head and mouth. The contents of the alimentary system,
as examined, also correspond with this manner of feeding. They will

never partake of any kind of food thrown into the water. (The pale

races had not reached sexual maturity had they not had food enough.)
Sesquichloride of iron did not indicate even a perceptible trace of

quercitannic acid in the clay-water of the isolated pool, but such was
the case with the brownish clear water of the surrounding i)onds in-

habited by the normal large and red Eubranchipus.
The slightly milky water of the isolated pool owes its color to finely

suspended clay-particles, and, I should judge, although I have neglected
to microscoijically examine the same, contains comparatively more or-

ganic matter, adhering to the inorganic particles, than the clear water
of the other pools. This is contrary to the assumption that the pale
races were partly starved individuals,

I rather draw the inference, that we here liave both, a difference in

quantity, and quality of nourishment, the former preponderating, the
latter indifferent as to color. The contents of the alimentary system of
Branchiopods are for the greater part a fine soft magma of mud inter-

mixed with oil-globules, the latter being the secretion of the wall-glands
of the canal.

Very likely specimens living in water with finely dispersed mud or
clay, have less trouble in getting their food, the nourishment being more
uniform and already so fine that it needs not to be masticated or sepa-
rated from coarser particles.^

Bemarlcs on the cephalic scute or Kopfschild.—Is not the larval cephalic
scute^ (in our form $ of set B, preserved in the adult) a rudiment of
the two valves of the Estheridse'? In that family two or three thoracic
segments serve for the insertion of the bivalvular duplicature.'

Mode of copulation ofpale race of Eubranchipus vernalis.—The copula-
tion between males of set B with females exhibiting the two forms of
claspers illustrated by figures 61, A, B, lasts from 3 to 4 minutes, but many
unsuccessful attemx^ts to accomplish the same are usually made, often end-
ing with the escape ofthe females, owing to the check caused by the crossed
claspers. In both the red and white race the attempts were never made

1 An interesting note on cliloropliyll and protection of colorless cells as an absorbent
of certain light-rays is to be found in Ainer. Nat. March, 1880.

2 Mr. E. P. Austin—Amer. Nat. X (Aug. 8, 1876), page 508—mentions that in March
he obtained 28 different species of Dytiscidaj from a small clay-pit which had been
filled with water. Some of the species occurred in immense numbers.
Hermaphroditism, Amer. Nat. March, ld80, page 200.—Hermaphroditism seems to

be a thraldom necessary at the outset, but from which all living things are seeking
to escape. (Sexual differentiation in Epig£ea repens, by Lester F. Ward, A. M.)
^Spangenberg, loc. cit., page 14, Taf. I, Fig. 1, and also Dr. Carl Clans, "Zur

Kenntniss des Baues nnd der Eutwicklung von Branchipus stagnalis und Apns cancri-
formis." Gottingen, 1873, Taf. II, Fig. 5, D. P.; also same author in "Beitriige zur
Kenntniss der Entomostraken." Marburg, 1860, I. Heft ; also Dr. A. S. Packard in
"Phyllopod Crustacea," and same author in "Cave Fauna of Utah and descr. of new-
spec, of Crust."
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on already copulated females, with filled uterine bags, whicli fact agrees
with what has been observed in Branchipus stagnalis. (In the latter the
claspers do not cross.) Slipping off of the female after having once been
clasped by the male, I could never observe in the normal red Eubran-
chipus. Therefore comparatively more muscular i)ower is required to
open the crossed chxspers, aud owing to this fact only has the copulation
a longer duration in the pale races 5 the same difficulty was noticed on
releasing the copulated female. Immediately after the clasping the post-
abdomen turns around to the ventral side of the female, the two nor-
mally crossed cirri-points enter the valvule simultaneously, spreading
open the same.
The protruding trifold muscular apparatus, first observed and figured

by Dr. Heinrich Mtsche, in BranGhipus Grubei von Dybowsky (op. cit.),

is closely brought to the valvule, emptying through it (apparatus) and
not through the two cirri, the spermatic fluid evidently into the inner
uterine bag, where it meets with the revolving eggs. The claspers of
the male tightly pressing upon the anterior (upper) portion of the female
sack thus produce a gaping of the valvule. All this taking place in
an instant, the entering of the two cirri, however, is repeated several
times during the three or four minutes. A few jerks of the male post-
abdomen, apparently coincident with strained jerks of the male claspers
(and following right after) are necessary to free the two sexes. The
male slowly sinks to the bottom for several seconds, lays curved on its

back and repeats the post-abdominal jerks with protruded cirri and ap-
paratus. In this condition, and more so in clay-water, the seminal fluid

can be observed with an ordinary magnifying glass to ooze out of the
extensile apparatus and slowly flow over the sides of the curved abdo-
men.

II.

—

Larval stages of Chirocephalus holmani Eyder.

The single specimen of Ghirocephalus found in January, 1880, proved
to be Ghir. liolmani Eyder, being considerably larger, but agreeing in

general with the latter. On March 22, 1881, I found a very large and
deep x>ond between Glendale and Eidgwood, L. I., about three miles
from Maspeth, populated with Chirocephahis Jiohnani. So abundant

were they that with every

r^^^v^^M^'^'^'^^^ <3iP I brought up some 30 to
__c;ri5=«r ^ c « > ^ g^ specimens of both sexes.

They were of a greenish
"^transparent hue with their

furca reddish pigmented.
The jjigment of the furca
was confluent and not gran-
ular.

The males averaged 20"™
in length and the females
about 18"^=". The stalked
eyes were of a beautiful

dark-red color. EiibrancMpus occurred sparingly together with them,
and now (in May, 1881), also a great number of a variety of Biaptomus
sanguineus Forbes^ and Lymnetis Gouldii Baird.
Having observed them often in copulation in the aquarium, I can

state that the latter is of very brief duration, and details relate to those
of the normal red Eubranchipus, and principally the frontal tentacles
do not come into play as auxiliary organs.
The internal genital organs of the male are the same as those figured

'Bulletin of Illinois State Labratory of Natural History No. 1.

Pig. 48.- -A, male frontal tentacle of Oh. holmani
B, the samfe in male of H^tbranchipus vemalis.
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and described by Dr. E. Buclibolz, in bis "Brancbipus Grubii Ton Dy-
bowsky," Tafel III, fig. 6, witb tbe exception tbat tbe blind append-"
age of tbe descending testis is missing.

Tbe smallest Larval stage I obtained from tbe Glendale pond measured
3mm

jjj lengtb, but wben mounted in glycerine jelly I could not tell

wbetber it was a Cbirocepbalus or an Eubrancbipus larva, as tbe fi'ontal

tentacles were not exposed. Tbe
same tbing occurred in three otber
larger larvaj. One larva of 4:J""^ in

lengtb sbowed tbe appendage as illus-

trated by Fig. 48. Tbe inner basal
clasper-book just budded, is turned
do^vnward, tbe anterior, upjjer sur-

face of the second anteunse and tbe
frontal tentacle is seen. Another
larva scarcely larger, second antennae pio. 49._c. iioimani, second antenna with

in about tbe same stage of develop- ^011*^1 tentacle, liom above.

ment, exhibits tbe frontal tentacle as illustrated by fig. 49. It appears,

and I judge from twenty-six mounted beads (in glycerine jelly) tbat tbe

growth of tbe frontal tentacles of our Ghirocephalus is very rapid, its en-

tire lengtb being i:)robably attained between two exuviations.

II.—LAIiVAL STAGES OF APUS LUCASANUS Packard ESTHERIA COM-
PLEXiMANUs Pack. AND Streptogephalus texanus Packard
(Plates XXXIV, XXXV).

Prom dry mud received from Dr. L. Watson, of Ellis, Kans., I batcbed
numerous specimens of larvai of both Streptocephalus texanus Pack, and
Ustheria eomijleximanus Pack, but only tbree specimens of Apus lucas-

anus Pack. Tbe mixture of mud and fresb water was kept at a tempe-
rature of about 75° to 80° F. during tbe summer montbs, and in nearly
every instance, after tbe third or fourtb day, I could, witb the naked
eye, observe some small larvse actively swimming about in tbe aqua-
rium. The larvae of 8treptoce])halus, as well as tbose of J/, com-pleximanus^

look at first like little wbite birds, and Prevost, in Jurine's "Histoire
des Mouocles," in 1820, bas compared tbe larvae of Chiroceplialus in a
similar manner.

I have often obtained from one and tbe same lump of mud botb tbe
very small Xauplii of Estlieria compleximanus and tbe Streptocephalus
texanus but, strange as it apx)ears, wben tbe larvae of tbe two genera
were thus together, only those of tbe former (Estberia) survived, but
those of tbe latter rapidly died off. In tbe single instance, w^ben three
Apus larvae of several millimeters lengtb were found at tbel30ttom,tbey
were also tbe only occuj)ants of tbe jar. F. Spangenberg bas drawn at-

tention to tbis fact on page 61 of bis paper on BrancMpus stagnalis. He
says tbat a single larva of Apus cancriformis kills in a few days a
number of Brancbij)us larvae. How one kills tbe otber I could not ob-
serve, but have either raised Streptocepbalus alone or Estberia or
Apus alone. It is very likely tbat tbe secretion of tbe antennal gland,
whicb is present in all members of tbis family, whose outlet is under tbe
base of tbe second antennae, is antagonistic to otber sjDecies. Tbe prin-

cipal function of tbe gland is believed to be for lubrication, to assist tbe
constantly-moving second antennae. Its early api^earance in tbe larva,
its comi)aratively large development, togetber witb its distinct orifice,

may give support to my opinion.
F. Brauer, C. Claus, and F. Spangenberg agree tbat tbe new-born

Apus sinks to the bottom, and gradually, witb sluggisb motions, rises
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again. T did not observe tliis, but found that older larvre keep con-
stantly creeping over the mud, and do not so actively swim about as
other Branchipodidce do.

I received about a pound and a half of dried clay-mud of a greyish,

color from Kansas, of which from five to ten grammes were used at the
time for each experiment.

Plate XXXV (except figs. 3 and 4 a) refers to Ap^is lucasafius, of which
I obtained but three advanced stages. A very high and uniform tem-
perature appears to be necessary to keep them alive.

Estheria compleximanus (Plate XXXV, figs. 3 and 4 ft) was frequently
hatched, even at a temperature of 45° to 50° F., but 1 have unfortu-
nately neglected to follow up its stages of development. It is a limni-

colous, ostracod-like crustacean. The older larvae, as well as the adult,

like to dig and make furrows in the clay. I have seen them also swim-
ming in coptila for several seconds. The JSfauplius is extremely minute,
and has on either side two long, broad, juxtaposed spines (one a little

higher up than the other) at the posterior side of its carapace. In the
adult the shell-duplicature is of an elliptic form and of milk-white color.

It is frequently cast off, but no notes were taken as to the number or
manner of castings. They seem to take up their food while making fur-

rows in the clay ; the carapace protects the branchipeds which x>addle
continuously while the animal feeds.

With every moult a new addition of limbs is effected, an advanced
specialized structure attained, until after the sixth or seventh moult of
Streptocephalus, when of about 3™"^ in length, the inner genital glands
make their appearance, followed by the outer, and shortly afterwards a
change of the second pair of antennae is noticed, simultaneously with,

the full development of the eleven pair of feet. To avoid repetitions as
to the gradual development of the latter, as well as of the inner and
outer genital organs and the furca, I must refer to C. Claus and F. Span-
genberg's papers.

I presume that the chorion proper in all Branchiopodidae, situated
between the exochorion or outer shell and the amnion or inner egg-
membrane, has the same structure as that of Arpuhis and is similarly

acted upon by water (under conditions peculiar to each sijecies), de-

scribed and figured by C. Claus.
The egg of Streptocephalus texamis is rather small, when dry, x>artly

transparent, brownish, and measures three-tenths of a millimeter in

diameter. It is of spherical shape and finely granulated.
The egg of Apiis lucasanus is larger, brown, and measures one-half

millimeter. Its exochorion is of the same structure as that of Apus
cancriformis, showing large, thick walled polygonal markings.
The Xauplius-stage of Streptocephalus texanus does not in the least

differ from that of Branchipus stagnalis of Europe, perhaps the whitish,

instead of yellow color excepting. The first acinaciform or saber-shaped
hook-bristle is on the inner side of the first or basal segment of the
second antennae. It is naked and becomes beset with two rows of fine

ciliae after the first moult, and after another moult it is split into two
unequal flat termini, which are also ciliated. The second segment also

bears a long flat and bent-inward hook-bristle, which is first naked and
ciliate alter the first moult. The second antenna terminates likewise

with two branches, the shorter inner one bearing three long bristles,

the outer longer having five long bristles arising from four segments.
The second antennae are the principal parts of locomotion, and give the

larvae the appearance -of little white pigeons. The second antennae re-

main in their previously described shape until a time when sexual dif-

ferentiation takes iDlace.
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The farther growth of the larva brings about an elongation and seg-
mentation of the body. The latter begins from the base of the body,
finally extending to its tip.

A nearly perfect circnlar disc is seen on the anterior part of its dorsal
side ; this is the cephalic scute (carapace).

"With the subsequent gradual development this scute retreats, confin-

ing itself in the adult to the occipital part of the head. In the base of
the second pair of antennaB
a rather large meandering
gland is seen whose outlet is

right below the first saber-

shaped flat bristle. This is

the so-called antennal gland,
whose presence has been as-

certained in most members of
this family of Crustaceans.

* Below the middle of the pig_ 50_Streptoceplialus texamis. Left clasper of male
front of the larval head hangs larva with main brauch budding; tbe greater part of bris-

" J 1 1. 1 1X3-1 ties dropped, the remainder are shortened.down a short broad fleshy

lobe, which in live specimens under the microscope is seen occasionally

to lift and lower again. This is the labrum, which we also find in the
adult in a somewhat reduced state. The median j)igmented eye on the
front of the larva is sessile, very simple, having but one pair of " corpora
vitrea" placed laterally. The Nauplius can distinguish light from dark,
but cannot discern the exact outlines of objects with it.

The mandibular basal process of the third larval leg is transformed
into a mandible with a curry-comb-like dentation, and makes its ap-

IDcarance at the time when the fourth or fifth pair of branchipeds begin
to bud.
A $ of 8treptocepJialus texanus had 22 flat acinaciform, long maxil-

lary teeth, and a very minute curved spine at the lower end. The first

of the teeth at the upper end has 14 spines, all the rest have 8 or 9

;

the uppermost of them in each case being about twice as long and much
stouter.

Transverse segmentation of the body always preceeds the lateral

budding of the branchipeds.
The furca or terminal fork of the abdomen very early begins to bud

in the shape of two latero-terminal protuberances with two short min-
ute spines, and a little later another smaller lateral spine is formed. In
larvae of about 3.5™"^ in length, five such spines have made their ap-
pearance on each of the two protuberances. The number of spines,

with the middle one the longest, gradually after each moult, multiplies

until the typical furca of the adult is attained. Between the first pair

of branchipeds and the mandibulary palpus at an early age the two
pair of maxillse are formed, the first pair of which has in the adult
Streptocephalus the characteristic form as illustrated by Plate XXXIV,
fig. 7. In none of the numerous specimens examined by me could I ever
fiud a mandibulary palpus in the adult.

When of about 3 or 4"^"^ in length, the second pair of antennse are re-

I)laced by another form, the old one gradually degenerating. First the
posterior, together with the two curved basal hooks, then the middle,

and finally also the terminal long bristles and inner branch drop oft'

from the inner side of the second antennse. In the interior of the second
antenna, near its base, an exuberant growth of cells takes place at this

time (Fig. 50). On the outer side, near the base, three i)rotuberances are

seen, from each of which groups of hyaline, rather stout and short spine-

like bristles arise. Their bases can be seen to originate from the deeper
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underlying cells, in fact tliey are prolongations of the latter. This

change takes place in our Streptocephalus at a time when the eleventh

pair of branchipeds has made its appearance and
the stalked eyes which laterally bud out of the head
are already contracted behind and jprovided with

'Fig. 51.—Streptocephalus Fig. 52.—Eiglit clasper c? Streptocephalus texanus Pack. oc. eye.
texnuus— rijibt clasper cT

larva 4""» in length.

a stalk, while in BrancJtipiis stagnalis the change in the second antennae
takes place earlier.

The three protuberances do not appear before the accumulated cell-

masses have pushed out on the iDuer side of the antenufe in a down-
ward direction part of the main branch of the male forked clasper. At
the time when the latter just begins to fork at its tip a second inner
brauch is budding near its inner base (Fig. 51).

The reuiainder of the former second antennoe grows out into the outer
long flat branch of the clasper, but, as in the aquarium the full grown
form is seldom reached, I could not (jlosely follow the development of

this outer branch in detail. The new clasper shows in its entire length
polygonal cells in the integument, which, after another moult, Imve
partly disappeared, being then permanently confined to but a few spots
on the inner rounded corrugate sides of the same.

rig. 53.— 2 streptocephalus tex-

anus, right clasper.

Fig. 54.—Cast-off skin of suhima<ro-stage Strepto-

cephalus texanus left male clasper from above.

III.—Larval stages of Eubranchipus vernalis Yerrill.

During the whole summer of 1880 I experimented with dry mud from

ponds inhabited by either the normal or pale race of this Branchiopod,

but all in vain. "Neither jars kept on ice in a large refrigerator, nor

frozen, dampened mud, gradually or suddenly thawed, developed any

larvte. The mycelium of a fungus, a few Daphnidiie, and microscopic

organisms were the usual result.

However, I obtained a few early stages of the pale race and many
specimens of the later stages of the normal form from the ponds them-

selves. The latter are reddish and already pigmented when but 4"^'" in

length, while those of the pale race were dull white.

Eubranchipus larvae are comparatively much stouter and larger in

their first stages than their allies. Larvae of 0.8™'" in length with the

first three branchipeds budded out and (osmic acid prep.) nine more
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segments indicated show a diameter of O.SS"^'" on tlie broadest part of

the body, at the first pair of bran<}hipeds.

Streptocephalus texanus

in the same stage of de-

velopment (in an aqna-
rinm) of branchipeds and
segments measures 0.8™"^

in'length and 0.43""" in

width . The first and sec-

ond pairs of antennae, of

course, are also propor-

tionally stouter in Mi-
hranchijms.

The anterior antennae

have (in the above stage)

three hyaline flagellate

bristles of CTo"^"^'! in a

length, which, after tLe

third moult, are reduced
nnnciVlA-rnl^UT VK.r^o.—Etihranchipus. nFirstbristle-hook of23 antennfioflarva,
i^uuMUCici'Uij .

j^„,„ j^j^^, .

jj ^jj^ j^j^jjjg when older; d 2fl bristle-hook of 2d antenna

Shortly before the time of larva- c one of the two middle bristles of mandibulary palpus.

when the second antennge ^°-^^ '^^^'

drop their long bristles the first four olfactory hacilU make their appear-

ance at the side of the tip of -the anterior antennae.

The second jxiir

of antennoi agree
in general with
those of BrancJii-

pus or Streptocep-

halus. There is
~

a basal hook bris-

tle first n 1 a i n ^^^- 56.—Setas of first maxilla of Eubranchipus.

then ciliate (Fig. 55 «) and then split. Second bristle-hook appears CFig.

55 d) to be triangular or rounded exteriorly, and two-edged and ciliate

Fig. 57.—Anterior antenna of pale Eubranchipus mounted in ffly-

cerine osmic acid prep. Prom a specimen with three branchipeds
budded, 1st of the latter with a single claw.

interiorly. The terminal outer branch of the second an-

tenna has fifteen long bristles and a terminal shorter one
5

the inner or posterior branch has three long and one short

bristle. This branch is three-jointed; terminal branch is

subjointed.
First maxilla of adult EubrancM'pus is i)lain, and has

thirty-one long, flat, acinaciform bristles or teeth, equally long (Fig. 56.)

The second maxilla is composed of a narrow, small, basal piece, with

two strong, thick si^ines, each finely ciliate.
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Mandibulary palptis is four-jointed, bearing seven ciliate bristles, the
two basal and the three terminal ones being nearly straight (more so the

former) ; the two middle bristles have a stout base,
and are curved inwardly (Fig. 55 c).

cA.-—-\-\\ II I The first (anterior) (Fig. 57) and second antennae
haTe their basal half, in very young forms, at least,

peculiarly ciliate. This is mentioned also by F. Span-
genberg, but not figured.-

Second antennce.—At tbe time of sexual differentia-

tion the greater part of the bristles and the inner
Fig. 58.—a. Same larva branch drop, the basal piece sprouts a few single cilise

S^L\ ortiSter ^^^^^^^ (not in groups), and from the under side at its base
a siAg:io claw): Lower part the future first claspcr-hook begins to bud, which
ous ba°oTiiu8^"7l, eiTtcri^K then becomcs corrugate at its tip. An exuberant
thefurca. riasmaticmat- ^ell—complcx iu the basal piccc, formatiou of trans-
ter and remainder of yolk | -jt i ^, ' ,,... „,,
retreated throufih the ef- verse and lougitudmal musclcs, subdivision of the
feet of osmic acid. terminal piece of the antenna near its base, and bud-
ding of a small roundish protuberance at the inner side of the middle
piece takes place, and the male clasper is nearly developed. If a female
specimen, the en-

tire antenna re- ^_^-^^^^5:^::p^^=^=^=^'~-^2
mains but with ^-s^^^ /'^^

muscular differ-

entiation; and at

its inner base on ^^S- ^^-—S^*^ °^ ^'^^^ maslUa of Streptooeplialua texanus.

a broad frontal protuberance, a number of hyaline cilise appear. Some-
what later the form of the female clasper slightly changes into one

peculiar to this genus (Fig. 61), which is very vari-

able in form.

At the time when in the male clasper the first

hook is budding, the frontal tentacles are already
present, but owing to their tendency to coil ven-
trally and their small size I did not succeed in

closely following their mode of origin (Fig. 60 B).

In its early stage the margin is entire, with a con-

tinuous row of large marginal cells
;
plasmatic

contents in general intermingled with oil globu-

les, and longitudinal muscles transversely striate.

I think at a later time the latter will branch lat-

erally, since the developed tentacle shows also

transverse muscles. The peculiar mammiform
excrescences along the margin are attained after

several moults.

LarvsB with three branchipeds budded, the first

of which, with a single claw, show the develop-

ment of the post-abdominal furca^ as illustrated

by Fig, 58. I am of the opinion that the narrow
piece running along the end of the body is a sup-

FiG.6o.-KigM male clasper PO^t for the embryonic>rca and is uot a musclc,
Eubranchipus, from life. A, but a chitiuous stick or Dacillus, which, after one

l;?ntitarite^;na;ji:lonk£xd\'ormore moults (Fig. 63) is pushed out, and its

nai^ muscles; E, first hook cor- intcgument bccomes ciliatcd. But the latter, after

rifuture inner angie'^wherefrom more moults, docs not bccomc the permanent
the terminus will twist. furcct^ as wc shouM cxpcct, for it is cast off with
the other integument, and the typical development of the/wrca begins
(Fig. 62).
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No internal chitinous support is found until in the adult state, when we
again meet with a fiat chitinous plate, confined to the ftirca alone. It is

rig. 62.

Fig. 61.—Female claspers ; 6 more peculiar to the pale race.

an interesting phenomenon to see that the red normal Bubrancliipus

has a white and the ale prace a red/wrc«. The transparent, greenish,

Chirocephalus Jiolmani and the whitish Streptocephalus

%^-uii texanus have also a red ftirccL The red EubraneU-
J pus occurs in brownish, clear water, the others in tur-

bid, milky water. It may be an assistance in copu-

lation, i. e., to make the individuals more visible, or

conspicuous. Spangenberg (in op. cit. page 10) makes
it more than plausible that the first (anterior) antennse

Fig. 63.—Last few &eg-
ments of aiiEubraiicliij)us
larvaofli""" length. Cam-

FiG. 64.

—

Eubranchipvs, red $ larva, 13""™ long;
sides of head fimbriate above. From life. Giss-

ler del.

mounted osmic acid pre- of Brauchipus are homologues of the leg, and I ven-
paration.ps, fifth pair o||;uj.e to compare the frontal tentq^cles in a similar

inte^melt^(b^theT8m°io manner. The following points support this theory

:

furcl'ki?iti:^Glslilr'de^: First, they are lateral appendages 5 second, their

marginal appendages, more developed exteriorly,

closely agree with the embryonic development of the branchipeds, from
a single mammiform process up to two and three of the latter. The
frontal appendages are different in nearly every species of branchio-

pod crustaceans ; they are sometimes on the basal portions of the clasp-

ers in the adult, or they are reduced to minute paxjillse. Dybowsky^
calls them basal appendages, referring to the base of claspers, while

Grube calls them more properly frontal appendages ; Fischer calls them
cephalic tentacles (Middendorf's Eeisen nach Sibirien, Band II) ;

Verrill

calls them lanceolate, ligulate, fleshy processes.

lArcMv. ±ur Naturgescliiclite, 1860, Vols. 1 and 2, 26tli Jahrgang: Beitrag ziir Phyl-

lopoden. Fauna der Umgebung Berlins nebst Kurzen Bemerkungen iiber Cancer pal-

udosus Miiller von B. vou Dybowsky, M. D., page 195, Taf. X.



432 GEOLOGICAL SURVEY OF THE TERRITORIES.

yil.—The order Phyllocarida and its systematic position.

naviTif:^ studied the Phyllopoda, we may now discuss the relationships

of Nebalia and the group which it represents.

Eistory of the Pliyllocarida.—The genus Nehalia was first established

by Leach 1 in his Zoological Miscellany, vol. 1, p. 99, 1814. Nebalia

peofffoyi Edwards, was described and the external appendages figured

by' Milne-Edwards in the Annales des Sciences Katurelles, tome 13, p.

297, 1828, and in the 2d series, tome 3, p. 309. Our Nehalia hipes was
originally described under the name of Cancer hipes by Otho Fabricius

in his Fauna Groenlandica, 1780.

In his Histoire naturelle des Crustac^s (1840) Milne-Edwards places

Nebalia in the family ApusidfB among the Phyllopoda; at the same time

he remarks: "Les Nebalies sont de petits crustaces tres-curieus qui, ^
raison de leurs yeux x3edoncul6s et de leur carapace, se rapprochent des

Podophthalmes^ mais qui ne possedent par de branchees proprement
dites, et respirent a I'aide des membres thoraciques devenus mem-
braneux et foliaces. Elles semblent, a plusieurs 6gards, etablir le pas-

sage entre les Mysis et les Apus."
In 1850 Baird, in his British Entomostraca, founded the family

Nehaliadm^ regarding Nebalia as a Phyllopod.
In 1853, in his great work on Crustacea, Prof. J. D. Dana gave the

name Nehaliadce to the family, with a diagnosis. He placed the group
in his tribe Artemioidea in the Legio Phyllopoda.

Nebalia remained, by the general consent of carcinologists, in the

Phyllopoda until Metschnikoli', in 1865, published an abstract of his

essay on the development of Nehalia geoffroyi, which appeared in full

in 1868. Unfortunately, his work was published in Russian, but Fritz

Muller, in his "Fur Darwin," quotes as follows from Metschnikoli',

"that Nehalia, during its embryonal life, passes through the Nauplius

and zoea stages, which in the Decapoda occur partly (in Peneus) in the

free state." "Therefore, 1 regard Nehalia as a Phyllopodiform Deca-
pod."
In 1872, Claus gave an account, with excellent figures, of the external

anatomy of Nehalia geoffroyi; and in 1876, in his valuable work on the

genealogy of Crustacea, he described the internal anatomy of the same
species.

In 1875, in his "Atlantic Crustacea from the Challenger Expedition,"

Willemoes-Suhm placed the Nehaliadoi among the Schizopoda. While,

however, the thoracic appendages of his Nehalia longipes have very
narrow respiratory lobes (exites), yet they can be directly homologized
with those of the other species of Nebalia, and in all other characters

N. longipes does not difier essentially from the other species of the genus.

In 18X^, in the American Naturalist for February, 1879, and in our
*,'Zoofogy" (1879) we proposed the name Phyllocarida for Nebalia and

i"Dr. Leach, in his 'Naturalist's Miscellany,' vol. 1, p. 99, published in 1814,

describes it INchalia hipesi more fully than Montagu, and saysthe species he describes

is not uucouimon on the southwestern and western coasts of England. As he saw
that it constituted a very distinct genus from any previously given by modern writers,

he formed the genus Nelialia to receive it, and adds, 4n a systematic work this genus
would hold a very cousi^icuous and important place, as it is not referable to any
family hitherto established.' In a paper published soon afterwards by him, in vol.

xi of the Liunean Transactions, on the Arrangement of the Crustacea, he assigns its

place amongst the Malacostraca, in the order Macroura; in which he is followed by
Lamarck, Bosc, and Desmarest, Latreille, Olivier, and Risso ; the three latter authors,

however, referring the species described to the genus Mysis." Baird's British Ento-

mostraca, p. 3:^. 1850.
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its fossil allies (see Bibliography), and gave a description of the order

and mentioned the types composing it.

Nearly a year later, in 1880, Glaus, in the last edition of his Zoology,

according to Carus' Yahresbericht, 1880, also suggested that Nebalia
represented a distinct order, which he calls Leptostraca. We have not

seen the last (fourth) edition of Glaus' Zoology (1882), in which the or-

der is noticed.

Habits.—The species of ]N"ebalia inhabit the sea at moderate depths.

We have dredged JV. hipes on the coast of Labrador in from four to

eight fathoms, and on the coast of Puget Sound we collected a sim-

ilar species, just below low-water mark, among fucoids. The fol-

lowing is taken from Baird's British Eutomostraca: ''Otho Fabricius

tells us that it carries its eggs under the thorax during t\iQ whole
winter; that they hegin to hatch in the month of April, and that the

young are horn in May. They are very lively, he adds, and adhere to the

mother, who appears then to behalf dead. The adult swims in a prone

state, using its hinder feet to propel it through the water. They are

not very active. Montagu informs us that when moving in the water
the superior antennae are in constant motion as well as the abdominal
feet, but that the inferior antennse are usually motionless and brought
under the body. They are found, according to Leach, on the south-

western and western coasts of England, under stones that lie in the mud,
amongst the hollows of the rocks; and Mr. McAndrew dredged it from
a considerable depth amongst the Shetland Isles."

1.

—

The anatomy and development of l^fEBALlA.

The first published description of the present species was by Kroyer,

in his Naturhistorisk Tidskrift (Ser. 2, Bd. 2). It is written in Danish,

and not accompanied by any figures.

In Nebalia hipes the body is rather slender and somewhat compressed,

the anterior half protected by a carapace, beyond the lower edge of

which the broad thin phyllopodiform feet do not project.

The carapace.—The head and anterior half of the body, including the

thorax and four anterior abdominal segments, are covered by the cara-

pace, which on the lower edge extends below the ends of the thoracic

feet, covers the basal joints of the antennge, and entirely covers the

mouth parts. The sides are compressed, and are drawn together over

the body by a large but rather weak adductor muscle (PI. XXXVII,
fig. 6), situated a little in front of the middle of the thorax. There is no
large highly specialized adductor muscle connecting the two sides of the

carai)ace, nor any well-marked round muscular impression in the cara-

pace, such as is characteristic in the Estheriada; ; nor is there any hinge,

a still more characteristic feature in the bivalved Phyllopods. On the

contrary, as seen in PI. XXXVI, fig. 3, representing the carapace re-

moved from the body and flattened out, there are no signs of a median
hinge-joint.

The nature of the rostrum is one of the diagnostic features of this

order. In Nehalia, the rostrum is long and narrow, oval, seen from
above, terminating in an obtuse point quite far in advance of the head.

It is loosely attached to the sinus in the front of the carapace, and thus

forms a long, narrow, tongue-like flap, with a free movement up and
down. It is thus seen to be rather a movable appendage of the cara-

pace than a solid, immovable continuation of it, as in the Decapoda.

Upon removing the carapace and flattening it out, it is seen to be
readily comparable with the carapace of Ceratiocaris.

28 H
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The eyes.—Tlie eyes are mounted upon a stalk, and thus Nehalia may
be said to be essentially stalk-eyed. In this respect it is similar to the
eye of the Branchipodidce on the one hand, or to the eye of the Becapoda
on the other. They are inserted just above and slightly in front of the
1st pair of antennte. The cornea is considerably less in extent than the
end of the eyestalk itself, and in this respect differs from the eye of
Decapods.

The antennce.—The two pairs of antennge are large, well developed,
and of nearly equal size in the female, but in the male the second pair

extend backward beyond the bases of the caudal ai^pendages. In the
1st pair the stem (scape or protopodite) is seen to be composed of fine

joints, the 1st, 2d, and 4th the longest, the 3d and 5th short. From
the scape arises the flagellum or endopodite, which has 16 well-marked
joints, each joint provided externally with numerous set£e; and besides,

there arises from the 5th joint of the scape or stem a scale-like unjointed
appendage, which may be regarded as an exopodite; if so, then the 1st

instead of the 2d antenn£e in the Phyllocarida bear a scale-like exopo-
dite ; the 2d antennse in Becapoda bearing the exopodite. The outer
edge of this exopodite is thickly fringed with numerous long, delicate

setse. It thus appears that what corresponds to the setse or protopo-
dite of the 1st antennae of Decapods consists of 5 instead of 3 joints.

The 1st antenna of Nehalia may be compared with that of the first

stage of the larval lobster (Smith, PI. XV, fig. 8) at the period when
the exopodite is short, scale-like, and single-jointed.

The 2d antennae have a 2-jointed stem or scape (protopodite), and a
single long many-jointed flagellum orendopodite, the basal joint a large
one; no exopodite being present, even in a rudimentary form.
The 1 st and 2d autennse are thus seen to be quite unlike those of the

Malacostraca, and _tQ resemble the Copepods, in that the anterior pair
^are rather the stouter of the two; but in those Copepods with very long
antennae it should be remembered that they are the 1st and not the 2d
pair, as in the male Nebalia. It will thus be seen that while the anten-
nae of the Phyllocarida are entirely unlike those of the Phyllopoda, they
are neither closely homologous with those of the Becapoda (Mysis or
Cuma) or the Copepoda.
The 2d antennae of the male is said by Claus to be very long, and to

resemble those of male Cumacece, but upon a comparison the stem of the
antenna is in Cuma quite different in the relative length of the three
joints. So also, while, as Claus observes, they are like the antennae of

the Awpliipoda^ this resemblance is qmt6 general; on the whole, how-
ever, the antennae of both pair bear a general resemblance to the Mala-
costracous type; also, on the other hand, they may also be compared
with the more primitive Copepodous type.
The mandibles (PI. XXXVI, fig. 4; fig. 2, md).—These are remarkable

from the small size and weak development of the biting edge or mandi-
ble itself compared with the palpus. The oval or biting end of the
protopodite is small, and armed with comparatively few and weak setae,

which shows that the Phyllocarida probably feed on decaying animal
and vegetable food, which is easily brushed into the mouth by their

slight stiff bristles. The palpus, however, is enormously developed,
extending out quite to, if not a little beyond, the edge of the carapace
(Fig. 1). It is 3-jointed; the 2d a little longer than tbe basal, and
swollen at the base, while the 3d is somewhat longer but slenderer, and
edged with a fringe of close-set, rather stiff setae. Though so immensely
developed as to the palpus, and entirely unlike the mandible of the
PhyllojDoda, in which only the protopodite is developed, it may be com-
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pared with the mandibles of the Decapoda, especially of Mysis and other
Schizopods,^ in which a very long three-jointed palpus is developed.

But the very long and large mandibular palpus and very weak j^rotopo-

dite may be set clown as a diagnostic feature of the Fhyllocarida.

The 1st maxillce (PI. XXXVI, fig. 2, mx^; fig. 5, mx^-, 5 a).—These are

likewise singular and diagnostic features of this order, as represented

by their structure in the Nebaliadce. They consist of a small lobe (Fig.

5 a, cx'^) with about 8 stout setae, and a larger lobe {cx^) with the outer

edge fringed with long coarse setse, one of which is a large ciliated seta;

from this arises, after bending on itself at its base an extremely long and
slender muliiarticulate process (or endopodite?) which, in the female,

is directed upward and backward (Fig. 5 a, en), reaching to the tergum
of the basal abdominal segment, and ending in two very long slender

setae, while a few other similar setae arise, one from each joint.^ In the

male of N. geoffroyiy according to Claus, the long setose process is

directed forwards and downwards.
The 2d maxillce (PL XXXVI, figs. 2, 5, mx"^).—These are entirely unlike

those of the first pair, and unlike the Decapodous or Phyllopod type.

They consist of a basal portion composed of four thin, delicate, unequal
lobes (Fig. 5, 1.2.3,*)^ edged with long setae, with two setae twice as long

as the others arising from the 4th lobe; from this 4-lobed basal joint or

coxopodite arise two appendages, the anterior (exopodite, ex), small,

1-jointed; the posterior (endopodite, en), 2-jointed, the end of the second
joint carrying above 5 long, spreading, stout, slender setae. This two-

jointed appendage Claus considers as representing the stock of a palpus.

This pair of maxillae are quite unlike those of Decapods {Mysis, etc.),

as well as those of the Phyllopods, and appear to be another diagnostic

feature of the order.

The absence of any maxillipedes, or of any rudiments of them, either

in the adult or in the embryo, is a negative character of a good deal of

importance when we regard the affinities of the group to the Decapods,
or the zoea-form of the same order, where two {Macrura) and three {Bra-

chyura) pairs of maxdlipedes are i)resent, there being three pairs in the

adult Decapod.
The eightpairs of Phyllopodiform thoracic feet (Plate XXXVII, fig. 3).

—

The maxillae are directly succeeded by eight pairs of leaf-like thoracic

feet, the maxillipedes not being present. The feet all repeat each other

in form, and a description of the 3d or 4th pair will answer for the 1st

as well as the last. The leg (Fig. 3, 3d or 4th pair) consists of a broad,

thin, six-jointed appendage, the endopodite {en), which is fringed with
very long delicate setae, those arising from the terminal joint being cil-

iated; while a second series of fine stilf setae arise obliquely from the

edge. To the second joint of the endopodite are appended a distal

or lower very broad thin gill, not quite twice as long as broad, and
which reaches to the end of the endopodite, while situated more exter-

nally is a double broad large lobe which corresponds to the exite or fla-

bellum of the Phyllopod foot, this flabellum being as long as the entire

endopodite, but not quite so broad as the gill. The distal portion of the

flabellum is more pointed than the proximal, and, as will be seen by re-

ferring to the figure, is more actively engaged in the process of respira-

tion. The figure shows by the dotted lines of parenchymatous matter

1 Compare G. O. Sars. MonograpM over Mysider, 1870; PI. I, fig. 8. Claus states

tliat the large palpus is very similar to that of many Amphipoda, but apparently

overlooks tlie still closer resemblance to that of Mysis.
"Claus draws attention to the position of this foot as compared with the 2d max-

illae (putzfuss) of the Ostracoda.
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the course taken by the blood in passing through the gill and accessory
gill or flabellum, and that it must also be partly aerated by the jointed
endopodite; the entire appendage, therefore, as in those of the Branclii-

])odidcE, is concerned in resj^iration. It will thus be seen that the limb
is lamellated, but differs essentially from the Phyllopodous limb in

that the endopodite is simple, the axis multiarticulate, but sending off

noendopodal lobes from the axites, such as form the characteristic feature
of the Phyllopodous foot. From overlooking this important and radical

difference from the Phyllopodous foot the earlier observers were led to

place Nebalia among the Phyllopods.
In comparing the thin, lamellar thoracic foot of Nebalia with the thor-

acic foot of any Decapod from Guma to Mysis, and up through the Ma-
crura to the crabs, it will be found imi^ossible to homologize the parts
closely, though a general homology is indicated, the endopodite of the
Kebalia and the gills corresponding in a general sense to those of the

Decapods, and it is this lack of close homologymore than any otherwhich
forbids us from regarding the Nehalidce as entitled to take rank under the
order ofDeca^poda, or with any ofthe Malacostraca. Butwhenwe compare
the thoracic legs of the adult ISTebalia with the maxillipedes of the zoea of

the Decapods^ then we can detect a slight and interesting resemblance,
but the resemblance and homology is not so close as between the thor-

acic legs of the Phyllopods and the maxillae of the early zoea.

On comparing the broad lamellate thoracic feet of the adult Kebalia
with the rudimentary thoracic feet of the later stages of the zoea the re-

semblance is but slight. Just before the zoea passes into the adult con-

dition the five pairs of thoracic feet of the adult bend out as two-lobed
l)rocesses ; but the resemblance to the leaf-like foot of Il^ebalia is too re-

mote to be of any taxonomic value ; and this remote resemblance shows
that Kebalia does not belong to the Decapod type.

The six pairs of abdominal feet (Plate XXXVII, figs. 4, 5).—Turning
to the abdominal feet, we find that they are simple, without gills, and
entirely different from the leaf-like thoracic appendages, and we have
in this differentiation of true abdominal from the thoracic feet a Mal-
acostracan character, one quite unlike the differentiation or blending
of the two regions in the Phyllopods.
The abdomen is nine-jointed, the segments cylindrical and edged with

obtuse spines (PI. XXXVI, fig. 8.) much as in Copepoda.
The segment succeeding the 8th thoracic is much larger and extends

farther down sternally than the 8th thoracic, and bears a large, stout

pair of feet, to which the three following pairs are closely related in form.

Por example, the 2d pair (PI. XXXVII, fig. 4) consists of a large, thick,

long stem (protopodite) which sends off" three appendages, an outer (ex-

opodal) stout, blunt appendage, {ex) ; edged with stout setae externally

and more densely on the inner edge with ciliated, delicate setae the mid-

dle two-jointed appendage (endopodite, en) is longer and slenderer than
the outer, and edged externally with finer setae ; a third minute bract-like

appendage, Claus says, acts as a retinaculum (Fig. 4, ret.) to connect

the two legs of the same pair while the creature is in the act of swim-
ming. In their general form the abdominal legs appear to resemble the

simple biramous legs of the Copepoda^ but still more closely those of the

AmpMpoda, in wiiich, as Glaus observes, there is a similar retinaculum.

(See also Milne-Edwards's Crustaces, PI. 30, fig. 3^)
The 5th and 6th segments of the abdomen bear much smaller, more

rudimentary legs. The first pair (PI. XXXVII, fig. 5) are seen to be
two-jointed, the 2d joint long and slender, bearing near the end stout

raptorial setae, and on the inner edge slender setae. The 6th pair are
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still more rudimentary, one-jointed, and -with but few setse, which are

stiff and coarse. These resemble the simple, unbranched 5th and last

pair of abdominal feet in Copepoda {Calanus 9 )•

The long, slender terminal segment bears two very long, narrow cer-

copods (PI. XXXVI, fig. 7) ending in one large and several small setoe,

but there is no telson; the cercopods are simple, the integument entirely

smooth, with no striae or any other markings, and they are edged exter-

nally with short and internally with long ciliated setse. In the absence
of a telson Nebalia differs from Cuma or any other Decapod, and in this

respect, and the simple cercopods, shows a close resemblance to the termi-

nal segment with its two setiferous cercopods of the Copepoda. Accord-
ing to Glaus the males differ from the female in N. geoffroyi in the rather

narrower carapace and slighter body, but chiefly in the very long lid

antennae, the flagellum of which reaches nearly to the end of the caudal
appendages. The male sexual glands open on the last of the eight

thoracic segments, which fact Glaus regards as a proof of the agreement
of uSTebalia with the Malacostracous type.

Internal anatomy.—Glaus remarks in his "Untersuchungenzur Erfor-

schung der genealogischen Grundlage des Grustaceen-Systems" (1876)

that in all the internal systems of organs Nebalia is considerably re-

moved from the Phyllopoda, and shows an immediate relationship to the
Malacostraca, sometimes approaching near the Amphipoda^ sometimes
near the Mysidce. The nervous system consists of a large two-lobed
brain and of a ventral cord extending through all the limb-bearing seg-

ments, there being, as shown in Metschnikoff's Fig. 25 of the embryo,
17 ganglia, corresponding to the 17 limb-bearing segments of the body
behind the head. A transverse section of a ventral ganglion of N. hipes

(PI. XXXVI, fig. 9, or Fig. 66, in text, oig) shows a form of ganglion
quite unlike that of the JEstheria and other PhvUopods (PI. XXIV, fig.

9, ng; XXXI, fig. 8, G\ G'; XXXII, fig. 2, ng ; XIV, fig. 4, ng; XXXIII,
fig. 5, gang.), in which the ganglia are separate, connected by rather long
transverse commissures, whereas in Xebalia the pair of ganglion are con-

solidated and of the form of the Decapod ganglion, as also pointed out
by Glaus, who says that there is a very close resemblance in the form of

the nervous centers to the ventral ganglionic chain of the Ilysidce.

We have endeavored to obtain good sections of the brain of Nehalia

hipes, and Fig. 65 (in the text) will serve to illustrate tolerably well the
form and intimate structure of the supra-oesophageal ganglion. The
brain is very small, and the section represented was the third from the
front of the head. The ovaries (ov) pass into the head, the end of each
ovary overlying the brain. The brain itself is composed of two lobes

closely united, and seen in section the brain is as deep as broad, with a
constriction passing around the outside in the middle. The histological

structure is very simple, with nothing approaching the complex nature
of the Decai)odous brain. Each division or ganglion of the brain is

composed of nucleated ganglion-cells, the nuclei large and distinct, as

seen in Fig. 6Q a, and imbedded in a fine granular substance {puntzsub-

stance). At the lower part of each ganglion the fibers forming the com-
missures are quite distinct. Whether the 1st antenna?: or both pairs are

innervated from the brain Glaus does not state, and we have been un-

able to observe. It is probable, however, that at last the 1st antenual
nerves arise from the brain, judging from Metschnikoff's Fig. 25, wherein
he shows a nerve descending from the under side of the ganglion, while

the oesophageal commissures are directed backward ; and we feel uncer-

tain whether the descending nerves in our figure are the 1st antennal
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nerves or the oesophageal commissure. Clans also likens the stalked

eyes to those of Mysidoe. In Nebalia no ears have been found.

In the digestive canal, says Claus, we have a quite specific peculi-

arity, together with approximations sometimes to the Amphipoda and
Isopoda, and sometimes to the Mysidce and
Fodoplithalmata. The short up curved
oesoi)hagus leads into a stomach with a
complicated chitinous armature, in which
an anterior and a posterior division can
be distinguished. While in form and rel-

ative size of both parts there is a resem-
blance to the stomach of Amphipoda, so

we may also observe in the position and
number of the chitinous plates of the ap-

paratus for triturating the food a true re-

liS-^^^^^^i^ semblance to the Isopoda, but also to the
luoioenlarsedtosliow the ganglion cells, pyloric divisioU Of the Stomacll Ot the My-
Author del.

sidfB, whosc capacious and sack-like ex-

l^anded cardiac division seems to correspond to the differently-formed

03Soi)hageal portion of Nebalia. The slender intestinal canal along its

whole course is surrounded with a uniform layer of circular muscles,

and on the inner side of the tunica propria is surrounded with a thick,

fatty layer of epithelium; it reaches to the begiuning of the last seg-

ment, which is nearly filled by the muscular rectum {afterdarm). At
the origin of the intestine (chylusdarm) arise two anteriorly and four

(two larger than the others) posteriorly-directed liver-tubes; these four

latter-named tubes or coeca are attached by a richly-developed fatty

tissue of the serous membrane to the intestinal walls, and reach far

into the abdomen. The two anteriorly-directed coeca reach to the anteu-

nal segment, and are frequently wholly enveloped by the fat corpuscles

of their serous coat. (Compare our figure of N. hipes^ PI. XXXVII,
fig. 6.)

" The two anterior biliary cceca manifestly correspond to those which
we so often, though not always, meet with in Podophthalmatous larvae

(Phyllosoma, Sergestes-larvse, &c.), but which, however, exist only in a
rudimentary state in many Edriophthalma. The histological structure

of the liver-tubes agrees closely with that of the intestine ;
the circular

muscles still remain, though scattered aud absent at intervals. The
epithelium consists of smaller aud larger cells filled mostly with large,

fat cells, whose secretious, like a fluid tinged yellowish, fills the often

widely distended cavity of the canals. Now, arising in a remarkable
way on the under (or lower, unterer) side of the intestine are two long
ascending appendicular tubes, for the most i>art embedded in the fat body,
which is enveloped by fat cells. The hinder intestinal api)endages of

Xebalia, in which we could not detect the colored secretion of the liver-

tubes, remind one of the so-called malpighian tubes of the Gammaridse,
which arise at the beginning of the much longer rectum which passes
through the three terminal segments of the abdomen. In IsTebalia the
relatively short rectum, by means of the numerous muscular bands sus-

pending it from the intestine, performs the movements so generally ob-

served in Phyllopods, by which the water is drawn in in an almost ryth-

mical manner aud then expelled. The anus, concealed by two triangu-

lar chitinous jilates of the terminal segment, opens between two small

lateral flaps, which closely resemble those in the inner side of the furcal

appendages of the Protozoea larva of Pena3us.
" Of the pair of tubular glands which serve in the body of Phyllopod
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larvae as antennal and shell glands, but which in the Malacostraca un-
dergo a substantial reduction, we find in Kebalia the anterior pair as
slender glandular tubes in the basal joint of the 2d antenuce. This re-

lation of this gland, which is absorbed in the course of the metamorphosis",
but in the Malacostraca, however, is generally present as a simi)le or
winding glandular passage, affirms further the near affinity of Nebalia
to the Malacostraca stem. Of the complicated shell-gland no remains
survive in the Malacostraca. What we are accustomed to regard in the
Decapoda as shell-glands is nothing more than the anterior gland which
belongs to the maxillary region, but opens externally on the basal joint

of the 2d antennai. But we can surely prove, after careful researches on
living Malacostracan larvse, that the rudiments or survivors of this gland
are situated on the sides of the maxillaj (kiefer). In the Stomapod
larvai I think I have found- such a survival in the shape of a simple,

somewhat curved glandular tube ; and also in this place the residuum
of the shell-muscles are preserved. The shell or adductor muscles of
Nebalia aj^pear to be well developed, quite as in the shelled Phyllopods.
On each side of the shell we observe, under the mandibles, somewhat
dorsally, a large round impression with an upper and under somewhat
curved row of muscle-facets. On the upper end of the group of mus-
cles, however, on the inner side of the shell, is to be found a small gland-
ular tube, which with a contracted neck extends to the region of the
maxillsB, and is surely nothing else than the survivor of the true shell-

gland of the Entomostraca."
Our sections of the body of JSfebalia Mpes show that in their general

features the digestive canal and appendages are much as Glaus de-

scribes for the Mediterranean species. We were unable to get good
sections of the i)roventriculus or kaumagen. Plate XXXVII, fig. 6,

evidently passes through the stomach in front of the heart, which is much

Pig. 66.—Section through the front end of the thorax of Nebalia bipes; ht. heart; i, intestine; nj,
ganglion; vni, ventral muscle; add m, adductor muscle. Author del.

larger than the intestine (fig. i, in text). Fig. 66 (in text) is a section
(No. 9) through the anterior part of the thorax, in the region of the ad-
ductor muscle {add. m.) ; the heart (lit) is quite remote from the small
intestine, which is smaller than the two anterior coeca. In Fig. 67 (in

text) of section 14, through the same specimen at the end of the thorax,
the heart (lit) is of its maximum size, and now we see sections of six
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coecal tubes, tlie series of four lower ones being tlie four posterior tubes
described by Claus as passing back into the abdomen. In this section

the dorsal muscles (dm) of the
posterior part of the body ap-

pear, and the ventral muscles
vm) are larger than in section

0, while the ovarian tubes (ov)

are smaller.

Without translating in full

Clans' description of the heart
and circulation we will only give
his conclusions. The heart of

^i^^'P!i^^'pi"H ^ebalia is a long straight tube a
W^^iSiMM^iff little thicker just in front of the

middle, beginning over the max-
illae just in front of the 1st
thoracic segment (tergite) and
extending to the middle of the
4th abdominal segment. It has
two pairs of lateral large ostia

for the entrance of the venous
blood, and four pairs of dorsal
arterial openings in the anterior

part of the heart. Says Claus

:

"The heart combines the char-

acters of Phyllopods and Mala-
riG.67.-Sectionthrouciitbe end of thorax of iVe6aKrt costraca, whilc the tubular dor-

Upes, showing tho six ccEca (ccec) the heart (ht), the gal VCSSCl passiug thrOUgh twclve
ovaries (ov), and the sets of muscles; am, dorsal mus- ^

. . "_ ° , . .

cles; wn, ventral muscles ; wc, nervous cord ; ot), ovary ; Segments, lU itS lOrm and lU the
i, intestine. Author del. greater uumber of ostia resem-
bles the many-chambered dorsal vessel of the Phyllopods, so on the
other hand the relation of the two ends with the head and abdominal
aortse, together with the hinder jjair of arteries, reminds us of the swift,

regular, and in general complicated and vascular circulation of the Mal-
acostraca. Of especial interest is the similarity of the shell, or cara-

pace-circulation of the Stomapods and Mysidce with Nebalia."
Of especial interest, says Claus, is the sexual apx)aratus, which com-

bines in a snrprising way in structure and form the peculiarities of
Phyllopods and Mahi costraca (Amphipoda), and also in position and
topograjjhy retains, the primitive relation of the ovaries and testes.

Both are slender, long tubes, which lie right and left on the dorsal side

of the intestine from the sixth abdominal segment to the region of the
stomach (kaumagen), and by means of a short cross passage open out
on the thorax. In the male sex this efferent duct opens in the basal
segment of the 8th pair of thoracic limbs, namely, in the same j)lace as
in the Malacostraca.

Claus includes Nebalia among the Malacostraca, but when we con-

sider the composite nature of the internal organs as described by him,
we wonder that he failed to appreciate the independent, synthetic nature
of the Phyllocaridan type, which, when we take into account the ex-

ternal as well as internal organization, forbids our regarding ISTebalia as
a true Malacostracan, though the type of a group standing outside of,

but nearer to the Malacostraca than are the Phyllopods.
The development of Nehalia.—Our knowledge of the development of

Nebalia is due to the distinguished Russian embryologist, who in 1868
published an elaborate account of the developmental history of Nehalia
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geoffroyi. Unfortunately the pamphlet is in Russian, and only brief

abstracts of it have appeared in German. But as amj)le and well-drawn
ligures illustrate the work we can state the salient points in the on-

togeny of this interesting Crustacean. The yolk does not undergo total

division, but by the subdivision of a large polar cell the yolk becomes
surrounded by a layer of blastodermic cells. Soon after the rudiments
of the two pairs of antennas and of the mandibles bud out, the abdomen
also being difierentiated from the rest of the body (PI. XXXVIII, fig. 1).

This is regarded as representing the free nauplius condition of other
Crustacea. At a succeeding stage (Fig. 2) the two pairs of maxillse and
two xjairs of thoracic feet bud out 5 and in a stage immediately succeed-

ing (Fig. 3) the palpus of the mandibles elongates, the maxillae are two-
branched, and seven (or eight) pairs of thoracic feet are indicated. In
a succeeding stage (Fig. 4) IsTebalian characters assert themselves; such
are the carapace and large rostrum, the biramous anterior pair of an-

tennae, the unbranched 2d pair, the long mandibular palpus, the ab-

sence of any rudiments of maxillipedes, and the eight pairs of thoracic

feet (baenopoda) and three pairs of abdominal feet (uropoda), all of
which are now well developed. At this stage it may be seen that, as
in spiders, the 1st pair of thoracic feet may represent the 2d maxillae of
insects transferred from the head to the thorax; so in Nebalia, the
three first of the eight pairs of thoracic feet may correspond to the
three pairs of maxillipedes of Decapods, which in early life, before the
thorax is difierentiated from the head, may have remained afterwards
as a part of the thorax. An intermediate step is the retention in the
MysidcB of the last pair of maxillij)edes or the 1st pair of thoracic feet,

so that these Crustacea have six pairs of feet. Moreover Nebalia at

this time, in the absence of differentiation of thorax from the abdomen,
and of thoracic and abdominal feet, the two sets being similar in form
and development to each other, may also represent the Phyllopod stage.

In the next stage, at the the time JSTebalia leaves the brood sac of the
mother, it is but one step removed, so to speak, from the adult form.

Metschnikoff's observations were made on Nehalia geoffroyi of the
Mediterranean Sea. We have in the sections of Nehalia bipes observed
stages of development in the young similar to the stages represented by
Metschnikoff's figure 13 or 14, and have found in the bottom of the
vial in which the specimens were sent several young which had fallen

out of the brood sac of the parent. Upon comparing these with Metsch-
nikofl''s Fig. 19, or Fig. 68, in text, they are of the same form ; the rostrum
being large, the procephalic lobes large, the eyes small, the stalks not
yet developed, while the maxillary palpus stretches back to the 1st
abdominal feet; the thoracic feet are covered by the large carapace;
and a 4th pair of abdominal feet have developed, while the caudal ap-
pendages are as in the adult. In ab these features we see only a gen-
eral resemblance to the Schizopods of any value, the similar earliest

phases of development proving of no special importance.
Comparison between the early stages of Nebalia and the Decapod {Schizo-

pod) Mysis.—It would appear that if Nebalia were a Decapod that in its

larval stage it should present a close homology with the Schizopods at
a similar stage of existence. In Euphausia the young leaves the egg and
becomes a free swimming nauplius, and then a protozoea, and at length a
zoea larva before assuming the adult condition. It is evident that since
Nebalia passes its early stages in the incubatory pouch of the mother,
that it should be rather compared with the young, when about ready to
leave the mother, of some Mysis-like form.
Happily Prof. G. O. Sars has afforded us the material for such a com-
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parison. The early stages of Mysis, as worked out by Van Benedeu
and Claparede, and ofNebalia, aremnch alike ; the formation ofthe blasto-

derm is much the same. The nauplius stage in the egg is nearly iden-

tical in both, but beyond this the parallelism ceases to be an exact one

;

Nebalia turns oft' and follows quite a different developmental path from
Mysis or any Decapod. If we compare the young of Nebalia, taken from
the brood-sac, with that of Mysis, as figured by Clajiarede (Plate XVII,

rig. 68.—Embryo of Nebalia ready to hatch, enlarged; ant', 1st antennfe; ant", 2d antennae; «&./.,

abdominal feet or uropoda. The first maxilla crosses the thoracic feet. After Metschnikoff.

fig. 6), or a more advanced stage, particularly that of Pseudomma roseum,

as figured by Sars,^ we shall find that many of the differential char-

acters which, in the adult, separate the Phyllocarida from the Becapoda,
are to be found in the young. In Mysis and allies at the same stage as

Metschuikoff's, fig. 18 of Nebalia, (our Plate XXXIII, fig. 4,) the 2d
antennse are simple instead of being bifid as in Xebalia; there are no
maxillipedes, and the maxillae are, as in the adult, immediately suc-

ceeded by the eight pairs of thoracic feet; moreover there are no ab-

dominal feet in Mysis or Pseudomma, while three pairs are present in

the young Xebalia. But with the exception of the lack of abdominal
feet in the Mysidce at this stage, it may be thought upon the whole, as

has already been stated by Balfour, that " the development of Xebalia
is abbreviated, but from Metschnikoff's figures may be seen to resemble

closely that of Mysis. . . . There is in the egg a nauplius stage

with three [pairs of] appendages, and subsequently a stage with the

zoea appendages." It seems to us that the comparison ^ here made is,

as regards any resemblance to a zoea, loose and inexact, whether ap-

plied to the Mysidce or to the Phyllocarida. The stage of the Mysidce

succeeding the nauplius is characterized by the presence of the rudi-

ments of eight pairs of appendages, the two pairs of maxillae, and the

six pairs of thoracic feet of the Schizopodous type, while the zoea has
no thoracic feet at all, so that it would appear that the Schizopods do
not pass through a genuine zoea state like that of the higher Decapods.
Nor on the other hand is the Xebalia stage represented by Metschni-

kofi's fig. 18 (our fig. 4), a zoea stage, for the embryo has the rudiments
of eight pairs of thoracic feet, and besides those of three pairs of ab-

dominal feet, while there is a well-marked carapace and rostrum, as well

iG. O. Sars, Mouog. over Mysider, Heft 1. Taf. IV, fig. 23.

2 Glaus (Genealog. Gimdlage des Crust. Systems, p. 31), as we find since writing

tliK above, does not accept Metschnikoti's comparison of the young Nebalia with the

zoea, although he does not give the reasons for his dissent.
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as proceplialie lobes with eyes, all these parts not being developed in
the embryo Mysidae.
But whatever may be said of the resemblances between ISTebalia and

the MysidcB at an early period after the nauplius stage has been dis-

carded, when we compare the later stage represented by Metschnikoff's
fig. 19 (our fig, Q^, in text) with the latest larval stage of Pseudomma
(see Sars's figure, our Plate XXXVIII, fig. 5), then we see that the
diagnostic ordinal characters of the Phyllocarida have declared them-
selves. There are to be seen in Nebalia the large movable rostrum, the
compressed pseudobivalvular carai)ace, the lack of maxillipedes, the
eight pseudophyllopod thoracic feet, four pairs of abdominal feet, out
of the six of the adult. On the other hand, in Mysis of the same stage,
the two pairs of maxillipedes are well developed, and the six pairs of
remarkably long thoracic feet (the first pair modified maxillipedes) are
l)resent. There is little to indicate that the Schizopods have descended
from a ISTebalia-like form, but rather from some accelerated zoea form

;

while, as we attempt in this essay to show, the Phyllocarida have had
no Decapod blood in them, so to speak, but have descended by a sep-
arate line from Copepod-like ancestors, and culminated and even began
to disappear before any Malacostraca, at least in any number, api)eared.

II.

—

The Paleozoic Allies of ]!^ebalia.

Having studied the anatomy and development of Ifebalia we are pre-

pared to compare it with a group of fossil forms which are scattered
through the older Paleozoic rocks from the lowest Silurian to the Car-
boniferous. In a brief article^ Mr. Salter, nearly twenty years since,

sketched out the characters and showed the relationship of Ceratiocaris

and a number of allied forms to Nehalia in the following paragraph

:

"Before the structure of Ceratiocaris was known, of which genus a
reduced figure is here given, the rostral portion of Peltocaris could not
have been understood. But a reference to the accomj)anying series of
wood-cuts will show that a tolerably broad rostrum, placed in the same
relative position, occurs in Ceratiocaris. In the recent I^ehalia it is fixed,

and in Bitliyrocaris and other genera it is perhaps yet to be discovered.
Again, Ceratiocaris, together with its movable rostrum, has a bivalved
shell, yet habitually keeps its valves half closed, as I learn from per-
fect specimens."

Salter then enumerates the characteristics of the fossil genera, begin-
ning with Hymenocaris, which he considers the more generalized type,
and in the wood-cuts which we partly here produce shows the geologi.
cal succession of these genera, which also serves as a genealogical table-

He regards them as Phyllopods, associating Estheria and Apus, regard-
ing the latter as "the most comi)lete and decided form, and it is one of
the latest of the group, as it commences in the Trias." He also says :

"The links between these coal-measure forms and those of recent times
are many of them wanting ; but in Nehalia we have a good representa-
tive of the compact, shield-shaped form of Ceratio.caris, the two valves
soldered into one, and the rostrum attached, the eyes being still beneath
the carapace." It is evident from this that Mr. Salter regarded the fos-

sil genera he enumerates as allied to and as the ancestors of JSiebalia,

and as representatives of it in Pala30zoic times. He evidently adopted
the views of Milne-Edwards and others as to the Phyllopodous nature
of Xebalia.

1 Ou Peltocaris, a new genus of Silurian Crustacea, by J. W. Salter, Quarterly Jour-
nal of the Geological Society of London, vol. xix, 1863, p. 87.
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Discarding the Phyllopod forms, we liere reproduce Salter's figures

and geological succession, which has been confirmed by the discoveries

of Barrande and H.
Woodward. Salter's

figure of Nebalia is,

however, replaced by
an original one.

In his article on
the structure and
systematic position

of Kebalia,^ Glaus
thus refers to the
paleozoic forms:
"It is generally

considered that the

oldest paleozoic crus-

tacean remains
whose shells and
form of the body
partly resemble
Apus, and partly
show a great simi-

larity to Nebalia, for

this reason are con-

sidered to be Phyl-
lopods, though we
are without any in-

formation as to the
nature of the limbs.

But now the instruc-

live error, to which
the consideration of

Nebalia gave occa-

sion, will lead us to

exercise greater cau-

tion in the interi)re-

tation of such incom-
plete and imperfectly
known remains.
"In Ceratiocaris

Salter we have a
great Nebalia-like

carapace by which a
series of free seg-

ments were covered,
and moreover a long

well-separated lancet-formed rostrum. On the other hand, the form of

the abdomen, with the powerfully developed telson beset with lateral

spines, indicates a different form, which also finds expression in the

appendages of C. papilio Salt, figured as anteunte or thoracic limbs. If

these representations indicate true limbs, then they remind us most of
the larval limbs of Decapods. So also the position of Dictyocaris Salt,

and Bithyrocaris of Scouler to the other Silurian fossils regarded as

Phyllopods (Hymenocaris, Peltocaris) will remain problematical until

Fie
rian)

69.—1. Hymenocaris (Linsula Flags) ; 2. Peltocaris (Lower Siln-

3. Ceratiocaris (Upper Silurian) ; 4. Dictyocaris (Devonian)

;

5. Dithyrocaris (Carboniferous)
;

(6. Argus); 7. Nebalia (Recent).

' Siebold u. Kolliker's Zeitsclirift. xxii, 1872, p. 329.
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we have obtained more precise explanations as to the nature of their

limbs.
"It is in the highest degree probable, however, that all these forms

are not true Phyllopods, but have belonged to a type of Crustacea, of
which now there are no living representatives, but which, taking their
origin from forms allied to the lower types of Eutomostraca, have pre-

pared the way for the Malacostracan type. Such a connecting link, which
has served to the present day, we evidently find in the genus Nebalia.''''

In 1879,^ without knowing the views of Clans, just quoted, we pub-
lished the following brief notice of the leading characteristics of the
groui), and proposed that the paleozoic fossil forrns, Ceratiocaris, etc.,

be united with the ISTebaliaclse to form a separate order of Crustacea
under the name of Phyllocarida.

"The Nehaliadw, represented by the existing genus Nehalia, have
generally been considered to form a family of Phyllopod Crustacea.
Metschnikoff, who studied the embryology of Nehalia, considered it to

be a 'Phyllopodiform Decapod.' Besides the resemblance to the Deca-
pods, there is also a combination of Copepod and Phyllopod character-

istics. The type is an instance of a generalized one, and is of high an-

tiquity, having been ushered in during the earliest Silurian Period,
when there were, when we regard the relative size of most Crustacea,
and especially of living Nehaliw, gigantic forms. Such was DitJiyro-

caris, which must have been over a foot long, the carapace being 7 inches
long. The modern Nehalia is small, about half an inch in length, with
the body compressed, the carapace bivalved as in Limnadia, one of the
genuine Phyllojjods. There is a large rostrum overhanging the head;
stalked eyes; and, besides two pairs of antennae and mouth parts, eight
pairs of leaf-like, short, respiratory feet, which are succeeded by swim-
ming feet. There is no metamorphosis, develoijment being direct.

" Of the fossil forms, Rymenocaris was regarded by Salter as ' the more
generalized type.' The genera Feltocaris and Discinocaris characterize

the Lower Silurian Period, Geratiocaris the Upper, Dictyocaris the Up-
per Silurian and the lowest Devonian strata, Bithyrocaris and Argus the
Carboniferous Period. Our existing northeastern species is Nebalia
hipes (Fabricius), which occurs from Maine to Greenland.
"The ISTebaliads were the forerunners of the Decapoda, and form, we

believe, the type of a distinct order of Crustacea, for which the name
Phyllocarida is proposed."
A slightly fuller account of the order was also published in the

writer's Zoology,* and the order Phyllocarida was placed (pp. 325, 326)
below Tetradecapods and Decapods, the scheme then presented ibeing

on the following page

:

On examining the figures of Salter and of Barrande, for we have been
unable to study any of the fossils themselves owing to their extreme
rarity, the relationship to Nebalia is very marked, as seen in the form
of the carapace, the nearly free or detached rostrum, unless the separa--

tion took place after the death of the animal, and also of the rather long,

slender abdomen. Upon examining the appendages at the end of the ab-

domen there is to bS seen an important distinction from Nebalia ; a long,

slender telson is usually present, with a single pair of large caudal sty-

lets, or cercopoda, in form like those of Nebalia. But in Hymenocaris
and Feltocaris the telson appears to be represented by a pair of small

1 The Nebaliad Crustacea as types of a new order. By A. S. Packard, jr. American
Naturalist, February, 1879, vol. XIII, p. 128. .

2 American Science Series. Zoology for High Schools and Colleges, 1st edition,

1879. 12°. H. Holt & Co., New York.
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(in Peltocaris miDute) spines. In tlie presence of the telson in tlie typi-

cal fossil genus CeraMocaris we certainly have an important character
separating the type with its allies from ISTebalia, and allying them to

the Decax)ods ; and thus in the provisional synopsis of the order pre-

sented farther on, we have placed the fossil forms in a separate suborder
from the Nebaliadce.

CLASSIFICATION OF THE SUBCLASSES AND ORDERS OF CRUSTACEA.
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Crustacea.

While the posterior edges of the abdominal segments in Hymenocaris
appear to be spined as in Nebalia, there are some characteristics of im-

portance in the fossil forms which deserve mention; these are the sculpt-

ured carapace, especially of Dictyocaris, in which the surface is reticu-

lated.' Moreover the size of these genera was enormous, but if we, as

we seem to be warranted in doing, regard Nebalia as a survivor and
decrepit or old-age type of the order, which has lost the ornamentation
of the integument, the size, and the telson even, being dwarfed, smooth-
skinned, and in general very simple compared with the forms which
existed at the time when the type culminated and before it began to

die out, we may have an explanation of the greater simplicity of the
carapace and abdomen of Nebalia, as compared with its paleozoic an-

cestors.

From our total lack of any knowledge of the nature of the limbs of

'It should here be remarked that while the carapace of Nebalia is smooth, upon
making a section of it a reticulated structure is plainly seen in ^he parenchyma or soft

parts of the shell, but it is entirely too minute to be perceptiblem the shell even under
liigh powers. Tlais structure may be comparable with that of Dictyocaris, especially

as Salter remarks (Ann. and Mag. Nat. Hist., 1866, p. 161): " The entire surface of the

carapace is marked with hexagonal reticulations one-thirtieth of a line in diameter,

of which the arete are convex and the bounding lines sunk on the exterior aspect.

This would, I think, indicate the ornament to be counected with the structure of the
carapace rather than to be a mere external sculpturing. As no films can be obtained
thick enough to furnish a section for microscopic examination, the point cannot be
ascertained."
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the fossil Phyllocarida, we have to be guided solely by analogy, often
an uncertain and delusive guide. But, in the absence of any evidence
to the contrary,^ there is every reason to suppose that the appendages
of the head, thorax, and abdomen were on the type of ISebalia, since

there is such a close correspondence in the form of the carapace, rostrum,
and abdomen.
But whatever may be the differences between the fossil forms repre-

sented by Ceratiocaris, etc., they certainly seem to approach Nebalia
much nearer than any other known type of Crustacea ; they do not be-

long to the Decapods ; they present a vague and general resemblance
to the zoea or larva of the Decapods, but no zoea has a telson, though
one is developed in a postzoeal stage ; they do not belong to any other
Malacostracous type, nor do they belong to any existing Entomostracous
type, using those terms in the old sense. No naturalist or paleontolo-

gist has referred them with certainty to the Decapods, or to any Crus-
tacean type than the Phyllopods. To this type (in the opinion of Metsch-
nikoff and Claus, who have studied them most closely) they certainly

do not belong ; -and thus, reasoning by exclusion, they either belong
to the group of which Nebalia is a type, or they are members of a lost,

extinct group. The natural conclusion, in the light of our present knowl-
edge, is that they are members of the group represented hj the existing

Nebalia.
In order, then, to summarize our present knowledge of the living JVe-

halia and its fossil allies, we will give what we regard as the characters
of the group and subdivisions, which may be regarded as provisional,

though perhaps of some present use.

Order PHYLLOCARIDA Packard.

Bccternal diagnostic characters of the order.—Body compressed; con-
sisting of 21 segments, 5 cephalic, 8 thoracic, and 8 abdominal. Carapace
compressed, with no regular hing^, loosely attached to the body by an
adductor muscle ; with a movable rostrum inserted in a depression in

the front edge, the carapace covering the basal joints of the abdomen.
One pair of stalked eyes ; no simple eyes. Two pairs of well-developed,
many-jointed, long, large antennse, the first pair biramous, the 2d pair
with a very long flagellum in the male. Mandibles weak, with a remark-
ably long 3-jointed palpus. Two pairs of maxillsej the first with a re-

markably long, slender multiarticulate exopodite; 2d pair well devel-

oped, biramous; no maxillipedes; 8 pairs of biramous, broad, thin, re-

spiratory, thoracic feet, not adapted for walking ; the exopodites divided
into a gill and flabellum; 4 pairs of large and 2 pairs of small abdominal
swimming feet ; no appendages on the 7th segment, the terminal one
bearing two long caudal ajjpendages (cercopoda). No telson present in

the living species; well developed in the Geratiocaridw. Young devel-

oijed in a brood sac; development direct; no marked metamorphosis;
the young but slightlj^ differing from the adult.

Remarhs.—By the sum of the foregoing characters the Phyllocaridae
appear to be excluded from any other group of Neocaridan Crustacea.

1 Close scrutiny of specimens in existence may yet sliow indications as to the nature
of the limbs; for example, Salter figures, in the Annals and Magazine of Natural
History, 3d series, vol. 5, 1860, p. 154, fig. 3e, what he calls the jaws of Ceratiocaris

2}apiUo, but the figure appears to us rather to represent a 4-jointed jiiece of an anten-
na. In fig. 2 there are represented the tergal portion of seven segments lying under
the carapace. If fresh attention were directed to the discovery of the nature of the
limbs success might result.
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The differential cliaracters separating them from the Decapods or any-

other Malacostracous type are

:

1. The loosely-attached carapace, the two halves connected by an ad-

ductor muscle.
2. The movable rostrum, loosely attached to the carapace.

3. The very long and large mandibular palpus ; the long, slender ap-

pendage of the first maxillse, and the very long biramous maxillae.

4. The absence of any maxillipedes.

5. The 8 pairs of pseudophyllopod thoracic feet, not adapted for walk-

ing ; the animal swimming on its back.

7. No zoea-formed larva.

The differential characters from the Phyllopods are the following :

1. Carapace not hinged ; a rostrum present.

2. Two pairs of well-developed long and large multiarticulate anten-

nae; the hinder pair in the male longer than the 1st pair.

3. Thv3 thorax and its appendages clearly differentiated from an ab-

domen.
Internal organs—no functional shell gland ; no highly developed liver

tubes like those of all Phyllopods; stomach and ccecal appendages (liver)

entirely unlike those of Phyllopods.
The nervous system is entirely unlike the Phyllopod type, and ap-

proaches more the Decapod and Tetradecapod type.

The resemblance to the Copepoda is in some points quite striking;

this is seen in the equal size of the two pairs of antennae, in the form of

the abdomen, and the two caudal appendages, as well as the spines on
the hind edge of the segment, in the well-developed palpus of the man-
dibles, in the absence of maxillipedes, as well as the simi)le reproductive

glands.
In short, we regard the PJiyllocarida as an accelerated, prematurative

type of Crustacea which became well established in the lowest Pri-

mordial Period, flourishing at a time when
there w^s no Malacostracous forms, and
which culminated in the Upper Silurian

Period, and became nearly extinct at the
close of the Carboniferous. Judging the

phyiiocarida. gj-Q^p \)j ^he structurc of IsTcbalia alone,

whether we consider the external or the
internal structure, it is a highly composite
or synthetic type, combining Copepod,
Phyllopod, and Decapod-like features with
more fundamental characteristic ones of

its own. The group existed at a timewhen

,

save in the Carboniferous Period, no Mala-
costraca, or at least very few, existed, and
they thus anticipated the incoming of the

more specialized Decapods. Like many
other synthetic types, the fossil represen-

tatives were of colossal size compared with
the living survivors.

The accompanying diagram will express
our views as to the relation of the Phylloca-

Decapoda.

Tetradecapoda,

Branchiopoda.

(Phyllopoda).

Copepoda.

Cirripedia.

Nauplius.

rida to other Neocaridan Crustacea.
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Fauiily NEBALIADiE Baird, 1850.

Witli tlie characters of the order 5 the telsou wanting.

Genus Netbalia Leach, 1815.

"With the characters of the family. Paranebalia has narrow gills.

Xeialia hipes Kroyer, Gronlands Amfipoder, 91; Kroyer's Natnrli. Tidskrift. 436, 1847.
Cancer bipes O. Fabricius, Fauna Groenlaudica, 246. fig. 2, 1870.

Nebalia bij^es Baird, Brit. Entomost. 1850.

Monocnlus icostratus Montagu, Linn. Trans. 1807.

N. herbstii Leach, Zool. Misc. i, 100, PI. 44, 1814.

N. glabra Lamarclj, An. S. Vert, v, 345, Bosc.
N. ciliata Lamarck.
N. montagui Thompson.
Nehalia (jeoffroyi Edwards, Ann. Sc. Nat. 1828. {N. strausli Eisso.)
Nihalia Jong'ipes WillemoesSuhm, Trana. Linn. Soc. London, 2d ser. vol. 1, 1875. Ber-

muda.
Paranebalia longipes Glaus. (See Carus' Yahresbericht, 1880).
Nebalia longicornis Thompson, Ann. & Mag. Nat. Hist., 1879, 418. New Zealand.

We found in August, 1877, what is probably a fifth species, closely
allied to N. Mpes, between tide-marks at Victoria, Vancouver's Island,
Brit. Columbia. The specimen was unfortunately lost.

Family CEEATIOOAEID^ Salter, 1860.

Often gigantic forms, like Nebalia, but with a long, spine-like telsou,

which is sometimes represented by a pair of spines.

It is possible that the jSTebaliadse and Ceratiocaridse should rather
stand as suborders; and that under the Ceratiocaridse there are two
families, one represented by Ceratiocaris and allies, and the other by
Peltocaris.

Salter states that the carapace of Dietyocaris slimoni from the uj^per
and lower Ludlow Kock "frequently measured Irom 9 inches to a foot
in length!" If so, then the entire length of the animal must have ap-
proximated 2 feet; and he says the length of the largest Ceratiocaris
yet known could not have been less than 15 inches.
The following impertect synopsis of the fossil genera is taken, with

some modifications, mainly from Salter; it begins with Eymenocaris,
which Salter regarded as the oldest as well as most generalized type.
(Compare Barrande's account, Syst. Sil. vol. 1, 1872, p. 436.)

Genus Hymenocaeis.

The shield neither flat nor bivalved, but simply bent; and without
any rostrum. A median number (6-7) of free abdominal segments;
the body ending in 3 pairs of spines. Lingula flags or Primordial zone.

Genus Peltocaeis Salter, 1863.

Only the carapace known, which is orbicular, with a median suture,
and a deep, rounded rostrum "? or piece whose front edge is continuous
with the rounded front edge of the carapace.

P. harlcnessi Salter, Joum. Geol. Soc. 1863. Llandeilo flags.

P. ajptychoides Salter, 1. c. p. 87.

29 H
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Genus Ceratiocaris McCoy, 1850.

Lcjptocheles McCoy, 1850.

Carapace bivalved, united by a liinge-like suture, the valves ovate,

semiovate, or subquadrate, with a long, narrow rostrum. Head (or

thorax?) with jointed appendag'es. Body many (fourteen or more)
jointed, of which 5 or G segments extend beyond
the carapace ; the last one longest, and support-
ing a strong, bulbous telson and two shorter
appendages. Surface generally lineate, often
finely so.

C. x)apUlo Salter, Siluria, 262, figs. 1, 2, yoI. 5. Great
Britaiu.

C. styrjius Salter, Ann. Mag. Nat. Hist. 1860; Quart. Am.
1860j 156. Great Britaiu.

C. inornatus McCoy, 1. c. 156. Great Britain.

C. murchisoni McCoy, 1. c. 157. Great Britain.

C. leptodaciylus McCoy, 1. c. 157. Great Britain.
C. rohustiis Salter, 1. c. 157. Great Britain.

C. decorus Phillips, Mem. Geol. Sury. ii, PI. 30, fig, 5.

Great Britain.

C. ? ensis Salter, 1. c. 159. Great Britain.
C. vesica Salter, 1. c. 159. Great Britain.

C. cassia Salter, 1. c. 159. Great Britain
C. aptychoides Salter, Quart. Geol. Journ. viii, PI. 21, fig.

10. Groat Britain.

C. Judeiisis Woodw., Geol. Mag. viii, 3, 1871. (Over two
feet in lengfli.)

C. oreionensis Woodw., 1 c.

C truneatus Woodw., 1. c.

CJ hrcvicauda Salter; Bigsby, J. J. Thesaurus iilur. 73,

1868.

a ? (/if/OS Salter; Bigsby, .J. J. Thesaurus silu:-. 73, 1868.

C? leyiimen Salter; Bigsby. J. J. Thesaurus silur. 73,

1868.

C. ? perorvatus Salter; Bigsbv, J. J. Thesaurus silur, 73,

1868.

C. hohemictts Barrande, Svst. Sil. 447, PI. 19. Bohemia.
C. debilis Barr., 1. c. Pis. 18, 19, 26, 31. Bchemia.
C. decipiens Barr.,1. c. PI. 21. Bohemia.
C. doceiis Barr., 1. c. PI. 21. Bohemia.

Fig. 70.-Echinocansp7mctatu>!;
(j^ hueqitaUs Barr., 1. c. PI. 19, var. decurtata. Bohemia.

aunoTDPn, dorsal view, uatuial size, y-, , -r, i -mioni
From Hall. V. prmmlus iiavx., I. c. PL 18. Bohemia.

C. ncharyi Barr., 1. c. PI. 32. Bohemia.
C. iardns Barr., 1. c. PI. 18. Bohemia.
C. lorigicaiidus Hall, 16th Rep. State Cab. N. York, PI. 1, figs. 4-7, 1863. Genesee.
C. (Onchus) dewii Hall,' Pal. N. York, ii, 320, PL 71, 1852. New York.
C. maccoyanus Hall, Pal. N. York, iii, 420, 1859. New York State, Devonian. New
York.

C. acuminatus Hall, 1. c. 1859. New York,
C. aculeaius Hall, 1. c. 1859. New York.

Genus Echinocaris Whitfield, 1880.

Carapace bivalve, valves subovate. Abdomen composed of several
segments, each bearing spines on the posterior margin. Type, JE. sm&-

Zev is Whitfield.

E. stMeris Whitfield, Amer. Joum. Sc. 36, 1880.
E. punctatus (Hall), 16th Rep. State Cab. N. Y. 74, PI. 8, fig. 1.

'The following species are of doubtful position (see, also, Whitfield, 1. c):
Ceratiocaris (Colpocaris) Iradleyi Meek, Ohio Geol. Surv. Palaeontology, PL 18, figs.

Ha-e, 318, 1875.

Ceratiocaris ( Colpocaris) elytroides Meek, 1. c. PL 18, figs. 5fl, h, c, 319.

Ceratiocaris {Solenocaris) striata Meek, 1. c. PL 18, figs. 4a, h, c, 321.
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E. armahts (Hall) ^=E. punctatus (Hall), Hamilton gro.np, Devonian, New York.

E. pusttilosus Whittield, 1. o. 38, Erie shales, Devonian. Ohio.

E. mtdtimdosus Whittield, 1. c. Z-i, Erie shales, Devonian. Ohio.

Genus Discinocaris Woodward, 1866.

Like the upper valve of a Discina, but with a wedge-shaped opening

which cuts the disk nearly to its center.

D. iroumiana Woodward, Proc. Geol. Soc. 502, 1866.

Genus Spathiocaris Clarke, 1882.

Differs from Biscinocans in the presence of

the "rostrum" or plate acting as another valve

to cover the cleft, and also in its more nearly

circular outline (Clarke).

S, emersonii Clarke, Amer. Jour. Sc. sxiii, 477, June, 1882.

Genus Lisgocaris Clarke.
Fig. 71 A.

—

Echinocaris inulti-

nodosus. After Whitfield.

Carapace in one piece, without evidence of

dorsal suture. Periphery subpentagonal, lateral

edges parallel, making sbarp angles with the

two anterior edges, which are re-entrantly curved,

and meet in the axis of the carapace. As in ^. ^ „,. . „ .

r, ^1 • • J.1
• 1 .cj. 1 • • „^„i- n Fig.TlB.

—

Echinocaris sublevis,
Sjjathtocaris, there is a cleft beginning centrally After WMtneid.

at the highest point of the carapace.

L. lutlieri Clarke, 1. c. 478, 1882.

Aptychopsis Barrande, 1872.

Differs from Peltocaris in the rostrum being triangular instead of

parabolical; and fvom. Discinocaris in having no suture indicating the
separation of the two principal valves.

A. primus Barr. 1. c. 457, PI. 33, 1872. Bohe-
mia.

Genus Dicty^ocaris Salter (1860).

Carapace ample, bent along the dor-

sal line, but not two-valved, largely

reticulate, the area of the reticulations

being convex. The shape of the car-

apace is rudely triangular, pointed or

rounded in front, truncate and pro-

:Fig.72.-Discinocarishrowniana. j,atnrau\ze, duccd behind, aud margined along the
side view and disk, with the wedge-shaped ros- hinder and VCUtral cdgCS by a StrOUg
trum in situ. After Woodward. r?

furrow.

D. sKmoni Salter, Ann. Mag. Nat. Hist. vol. 5, 1860, 162.

D. ramsayi Salter, 1. c. 162.

Genus Dithyrocaris Scouler.

Carapace large, apparently covering allbut the last abdominal segment

;

"the rostrum minute or possibly (but not probably) absent" (Salter).
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Lower Carboniferous Eocks. The genus Argus seems to be the same as

Dithyrocaris, although Salter does not express that opinion. Fig. 69'' rep-

resents Argus testudineus ; the surface of the body is striated. Dithy-

rocaris pholadomyia Salter had a carapace 7 inches long. The genus
Argus of Scolder is apparently the same as Dithyrocaris.

D. tenuistriatus McCoy, Woodward, Geol. Mag. viii. Great Britain.

D. belli Woodw. 1. c. Devonian, Gasp^, Canada.
1>. Neptuni Hall (P^ig. 73), lOth Ann. Rep. State Cabinet, N. York. 75, PI. I, fig. 9, 1863.

Hamilton group, Devonian of New York.

..' \^

fig. 13.—Dithyrocaris neptuni Sail ; telson and cercopoda, natural size. Trom Hall.

Hall's figure was made from a cast, no restoration having been at-

tempted. From the size of the telson and the cercopods, it is evident

that the animal must have been enormous, perhaps between two and
three feet in length.

Genus EhacHURA Scudder, 1878.

B. unosa Scndd., Proc. Bost. Soc. Nat. Hist. XIX, 296. PI. 9. fig. 3, Za. Marcli,

1878. Coal measures, Danville, Ohio,
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APPENDIX.
A..-OJir ARTEMIA FERTILIS VEEEILL, FROM GEEAT SALT

LAKE, UTAH TEEEITORY.^

By Pkof. C. Th. von Siebold, of Munich.

[Translated by Dr. Phil. Carl F. Gissler, of Providence, E. I.]

Having positively convinced myself several years ago thut Artemia
salina, which is known to inhabit in countless numbers shallow brackish

water ponds along the shores of Europe, in those localities propagates

parthenogeneticaily without males,^ I put to myself the question

whether this was also the case with other species of the genus Artemia.

To solve this problem I conceived the idea of procuriug live specimens

of the brine shrimp from the Great Salt Lake of Utah, which 1 knew
to occur there in both sexes and in great numbers. The middle of

March this year (1876) I obtained, through the kindness of Dr. Hermann
A. Hageu, of Cambridge, Mass., a considerable quantity of dried mud
from the Great Salt Lake, with which I experimented in the following

manner: Toward the end of Mar(;h, of the same year, I divided some
of the dried mud into several shallow glass jars, pouring over it on the

6th of April artiiiciany prepared sea-water, using common hydrant-

water and Eeichenhaller brine. On the 8th day of April already the

water in one of these jars sw^armed with Nauplii, the hatchmg of which
I eagerly watched, as I observed many brown Artemia eggs on stirring

up the mud infusions. The brood prospered excellently, the mud being
evidently impregnated with organic matter, the latter serving as food
during their different moults and stages of development ; and already

on April 16, about eleven days after hatching, indications of sexual

characters could be perceived, in the male sex perceptible by a stouter

swelling of the claspers. This sexual character, after which the dif-

ferentiation of the organs of reproduction appear, refers to the organs
of copulation only, and not to the true fructification organs, and was
for my experiments of great importance. This early dilterentiatiou of

the male and female individuals of Artemia fertilis gave me occasion to

distinguish the males from the females, and to keep them separate al-

ready at a time before the internal sexual organs, the testicles of the
males and the ovaries of the females, began to develop. The second
pair of legs of the six-footed Nauplius is, after the first moult, i)romi-

'Ueber die in Mtinclien geziichtete Artemia fertilis ans dera grossen Salzsee von
Utah. Vou Prof. C. v. Siebold in Miiuchen. Separatabdruck aus den Verbandlungen
der 5'Jten Jahrcsversammlung der Schweiz. naturf. Gesellscbaft in Basel, 1876. Basel,

1877. 8°. pp. 16.

So mncb that is of great interest in connection with the doctrine of evolution and
of parthenogenesis has been published regarding the Phyllopods, that we avail our-

self of the kind permission to insert, as an appendix, the most imjiortant papers which
have appeared. I am indebted to Dr. C. F. Gissler for this and the following transla-

tions and abtracts.
2 See my lecture on " Parthenogenesis of Artemia salina," in the Sitzuugsberichte

der mathematisch-physikalischen Classe der K. Akademie der Wisseuschuften, of
June 7, 1873, p. 168.
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nently developed, serving as a rudder organ; after the subsequent
moults this organ becomes gradually shorter, less movable, bent down,
loses its bristled margin, and in the females is transformed into two
small, scarcely movable, tongae-like bent processes, while in the males
the same develops itself into disproportionately large claspers with
broad lobes, functionating as a catching and clasping apparatus. These
robust claspers, bent downwards and backwards, betray the male sex,
as above stated, in the earlier stages by an incipient swelling of the said
rudder organs, while the same, after their hystolytic degeneration, re-

main small in the females. In this way it was easy for me early to dis-

tinguish the males from the females and, significant for my experiments,
to keep them apart.

Tlie growth and prosperity of the carefully-separated sexes proceeded
well in various jars with artificial sea water, and pains were also taken
to add only boiled Utah mud to prevent any Artemia eggs from hatch-
ing. Without this precaution I would eventually have received younger
broods ot different sexes together with the older ones, already kept
apart, which would have interfered with my experiments, in which
latter the utmost certainty was required to prevent the meeting of the
two sexes before the setting in of concupiscense. Having raised a large
number of carefull.y-watched virgin individuals in the above mentioned
manner, I waited the period of contjupiscence in one-half of their num-
ber without giving them occasion to come in contact with any males,
while the other half of virgins I placed together with a number of ma-
tured male individuals for the purpose of getting fertilized by them. I
succeeded in this, since the males very earlj^, as already stated, betrayed
their future sex and were vigorously grown up, and gave repeated indi-

cations of sexual desires. They manifested the latter in their ])ugna-
eious behavior, embracing themselves with their powerful claspers in
such a manner as if they would jierform copulation; many of them
clasped other males, no matter how they struggled against it, and with
such a violent fervor that they, as may be assumed, applied the claspers
on almost every part of their body. Such couples remained entangled
for several days, swimming around in the most unnatural positions.

The testicles, filled with whitish zoosj^erms, presented themselves to
the naked eye through the translucent body. I selected the most vigor-

ous individuals, placing them in a jar together with boiled-up Utah mud
and a number of virgin Artemise, and had then very soon the pleasure
to see tbat they did not refuse the ardent embraces of the males, the
females making no efitbrts to free themselves of their burden. The
male with its claspers embraces the i)ostabdomen of the female from
the back, which region appears swollen by the ovisac. In this way both
individuals, bearing their abdomens parallel above each other, swim
about as if animated with but one will. From time to time such a
couple swims along the surface of the mud, turns around its longitudinal
axis, dorsal side up, thus whirling up the loose mud for the i)urpose of
obtaining food. Occasionally the male, utilizing the embrace of the
female, bends its postabdomen around for the purpose of inserting its

two protrusile cylindrical copulative organs into the female genital
orifice, whereby the closest contact with the female, as well as an afflux

of spermatic particles, was effected.-

The actual process of copulation, as closely observed by me, was
interrupted after shorter or longer intervals, but in incessantly long-
continued embraces it was often repeated. One of these couples hung
together for three days. After coi)ulation ensued, I transferred those
females which were abandoned by their males and which females I re-
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garcled as fecundated into a new jar, into which they could eventually
deposit their eggs. But to be sure that no new brood of Artemia was
developed out of the Utah mud added as food, I again took the pre-
caution to use only well-boiled mud in which any possible eggs would
then be destroyed. The fecundated Artemia females, however, con-
tinued to prosper in their new jar, and I soon perceived the activity of
their inner generative organs. This activity manifested itself very soon
in the two blind ovarial strings situated in their postabdomens; in the
interior of those strings white, uniseriately-placed ovarial germs came
into view, which latter grew more and more, their places of contact be-
coming flattened. All these eggs in their complete form possessed
neither a germinal vesicle nor a yolk-skin. The latter is not formed
until the uncovered eggs have entered the upper bent-inward-andback-
ward end of the ovarial strings, and then it represents a very tender trans-
lucent and homogeneous egg-membrane. I should call these bent terminal
portions of the ovarial tubes oviducts, since they enter after a short
course a capacious cavity, thelatter certainly functionating as an uterus.
The uterus possesses in its walls a very complicated muscular appa-

ratus, which, through its active contractions, moves the contents of the
uterus in various ways. One can now also observe six cell complexes
in three pair of groups on the right and left behind each other, divided
and fastened to the uterus walls, which in their organization and mean-
ing fully correspond with the egg-shell glands, as observed and de-
scribed^ by me in Artemia salina, only with the difierence that in
Artemia fertilis three pairs, in A. salina only two pairs of such shell-

glands occur. These glands at first appear perfectly colorless, becom-
ing gradually amber-5T41ow, finally assuming a rust-brown color, with
which coloration the secreting function of these glands begins. It was
now interesting and striking to me in these investigations that the first

lot of eggs that entered the uterus through the oviduct, which eggs
were surrounded by but a delicate yolk-membrane, did not yet receive
any hard egg-shells, although they were incessantly moved to and fro

by the muscular walls of the uterus. They remained without shells,

because the shell-glands had not yet discharged their contents into the
uterine cavity, un the other hand, to my greatest astonishment, a
perfect segmentation process was going on in the uncovered eggs,
which could be closely followed through the tender and transparent
yolk-skin. Finally, I perceived the red eye-dot of the now developed
Nauplius through the yolk-skin, soon afterwards the entire brood of
Nauplii escaping and rowing about in the water. Curiously enough,
this parturitive act did not repeat itself in all those females of Artemia
which gave birth once, although their uterus was repeatedly filled with
tender-skinned eggs; in short, all fertilized females of J.r?emm /(?rit7is

became, after first giving birth to live young ones, from this time ovip-
arous.^ Whether now all females of Artemia fertilis show the pecu-
liarity of always producing live young ones at the first process of
propagation and then become oviparous, I can give no decisive answer.
The observation seems to me important, which I here, though already
mentioned, again repeat, that in raising Nauplii from the "Dauer-

^ Opus ci tatum, p. 191.
2 1 had alreatiy occasion to make similar observations on A. salina, and refer to p.

190 of op. citat., and there I attempted to express presumptions as to the causes which
induce the females of Artemia at one time to be viviparous and at other times ovipa-
rous; the correctness of those conjectures I cannot warrant, since I have not yet ac-
quired the necessary amount of experience on these striking phenomena.
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egg's"^ contained in dried Utali mud, male as well as female Artemiae,

and both in about the same number were obtained. To these observa-

tions I have to annex the following, which, as regards the questions
what sex issues in the different manners of propagation in the Nauplii,

in future will turn out to be important. Namely,! refer to the fact that
also those Nauplii, which the fecundated, primiparous females of Ar-
temia fertilis, raised from " Dauerreggs," yielded in exactly the same
manner, like those ]S"auplii hatched from "Dauer-eggs" contained in

Utah mud, male and female individuals ot Artemia fertilis.

Concerning the manner of propagation going on after (einmalig) vivi-

parturition and oviposition of the fecundated females, I have to say
that this process of oviposition occurs in the same manner and with
the same repetition as observed by me in non-fertilized females, and
which I shall describe later. As the second part of my report on the
domestication (Zeuchtung) of Artemia fertilis I have to mention experi-

ments through which I tried to force this Branchiopod to produce par-

thenogenetic generations. In how far I did or did not succeed in th^se
experiments I cannot yet call to account, since I till now could realize

only preparations and introductions for the same. I onlv want to state

how 1 succeeded in obtaining the material with which I could convince
myself whether Artemia fertilis, like A. salina, possesses the peculiarity

under certain circumstances to propagate x)arthenogenetically. It was
easy for me to procure the necessary material, since I kept separate, as
already stated, ajar with Artemise, which showed in their earlier devel-

oping stages indications of yielding female imlividuals. From this jar
I selected such females in which the first traces of concupiscence were
noticed, and those I raised separately in a jar with brine water and
boiled Utah mud, watching them carefully to prevent any access of
males, and to let them, as genuine virgins, become concupiscent.^ At
the time when in these isolated virgins the generative organs attained
maturity, which showed itself in the ovaries distended with germs, my
particular attention was directed to the jar containing them. There I
noticed that in these virgins the eggs entered from the ovaries into the
oviduct, whence they accumulated in the uterine cavity, during which
time the six above-mentioned shell-glands assumed a brown color.

Later on the amber-colored secretion of the glands discharged into the
uterus, flowing around the tender-skinned unfecundated eggs, which
latter, kept in rhythmic motion by the contractions of the muscular walls

1 Above I make use of the word •' Daner-eggs" (or permanent eggs) avoiding the
hitherto customary specification "winter-eggs" as not quite proper. Of course
(allerdings) most Phyllopods deposit two different kinds of eggs, one kind of whicli
develops soon after being deposited, while the other kind hatches after a very long
time, and in our climate, in most cases, after hibernation. But those latter eggs
can also endure two or more winters under casual external conditions, if the neces-
sary impulse from outside for the batching of the eggs continues ; I mean to say when
the suitable moisture, giving action and completion for the development of those
Phjdlopods, does not come into effect. lu this way it is accounted for that in such
pools serving as a habitation for Phyllopods, but which remain dry for several years
and which aftei-wards again become filled with water, the long disappeared Phyllo-
pods suddeuly reappear, as the there buried winter eggs (or better) " Dauer-eggs,"
iinder the influence of the water become animated to live activity out of the latent
condition.
-To demonstrate during my lecture I prepared three jars witb mud and salt water,

ilito which I divided three different objects concerning Artemia in the following man-
ner : One jar contained several full-grown males, the second jar contained fertilized

egg-bearing females, together with two entangled copulating couples, while the third
jar, contained virgin females, bearing non -fertilized eggs. These Artemise arrived in
goodc condition, after being conveyed in their jars from Miinchen to Basel, and there
could be exhibited alive during the lecture.
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of tlie iiteras, became darker and darker and surrounded with a hard
brown shell, so that the non-fecundated, difi'ered neither in form nor
color or structure irom the fecundated ones. The virgin Artemise depos-
ited their eggs some time afterwards, dropping them into the mud at

the bottom of the jar. The uterus of such unfertilized females appeared
to be empty after the eggs were dropped; their shell-glands were pale,

but their ovaries again contained new germs, which gradually devel-

oped, while the pale shell-glands, after some time, again assumed their

brown color, and I surmised that they prepared themselves ouce more for

ovipositing non-fecundated eggs. The same ])rocess reoccurred several

times in virgins, the latter not differiag therefore in this respect from
fecundated ones. In this manner I succeeded in accumulating a large

number of non-fecundated eggs in the mud of the jar prepared for the
concupiscent, non-fertilized females. I must now draw your attention

to the fact that such oviparous virgins were never viviparous before
depositing eggs. For the success of my experiment on parthenogenesis
this was a bad omen. It is evident, however, that the primiparturition
of live young ones is not I'ealized in virgin females of Artemia fertiUs ;

but it is, nevertheless, possible that the "Dauer eggs" dropped by the
virgins possess the peculiarity of developing themselves without fertili-

zation, and do yield females, and therein we would have again a con-

tribution to our knowledge on the distribution of parthenogenesis. I

shall preserve during the coming winter (lb76-'77) the different kinds
of dried mud which are partly impregnated with fertilized, partly with
non-fertilized "Dauer eggs" of Artemia fertilise for the purpose of
examining next spring whether the mud with fertilized eggs alone, or
besides it, also the mud with non-fertilized eggs, will yield Nau|)lii,

when it will be of importance to learn from what set the parthenogenetic
ISTauplii develop themselves.

B.—PEOF. GAEL THEODOE VOiT STEBOLD ON PAETHENO-
GENESIS IN AETEMIA SALINA.^

ABSTRACT.

By Dr. C. F. Gissler.

Owing to the remarks expressed two years ago in my paper "Beitrage
zur Parthenogenesis der Arthropoden" (Leipzig, 1871, p. 197), I am in-

debted to Prof. Carl Vogt, of Geneva (Switzerland), for a lot of live in-

dividuals of Artemia salina, which arrived at Miinchen August 27, 1872.

I was very pleased to have received seventy live and five dead speci-

mens, together with a number of larvae, in ajar of salt water. All the
full-grown individuals were females, which was also the case with a num-
ber of Artemise Dr. Yogt received from Professor Martins at Cette. I

observed that in all the seventy specimens thus obtained the egg-sac was
filled with embryos. The various behavior of this brood attracted my
special attention. Having dissected the egg-sac of a dead individual,

I noticed several live embryos escaping from the same, together with a
few pear-shaped bddies of orange color sinking to the bottom. The lat-

ter proved to be also embryos inclosed in a homogeneous thin egg skin.

The outlines of the inclosed embryos could be distinctly seen through
the egg skin, as well as the motions of the embryo. Such viviparous

1 " Sitziiugsberichte der mattematisch-physicalischen Classe zu Miinchen, 1873,
H&ft. II."
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Artemice I also observed amongst the other live specimens. After the
. escape of the brood the egg skins remained in the egg-sacs. But many
Artemise proved to be also oviparous. The egg-sac in such oviparous
specimens then contained brownish spherical, hard-shelled eggs. In
breaking this brittleshell between two glass slides the homogeneous inner
egg skin could be noticed. Joly, who also obserA^ed this mode of multi-

plication, supposed the season of the year had something to do with it.

Vogt noticed that they became oviparous when kept in a more capa-
cious vessel, and viviparous when kept in small jars. I, myself, did not
succeed in raising more than two generations. Not a single male indi-

vidual was obtained from the young Artemiae received as viviparous
generation ; only 35 females attained sexual maturity. Of these 35
females, on the 20th of October the largest ones had soft, white eggs in

the egg-sac, which became gradually brown in a few days ; some had
their eggs deposited on November 5, involving at the same time a cer-

tain mortality among my specimens, all having died by November 21,

1872. The deposit* d egg did not hatch.

After this unsuccessful attempt I concluded to get some more fresh

material, which was forwarded to me through the kind intermediation
of Duke Carl Theodor of Bavaria, of whose active interest in natural
science I was aware. On the 3d of December I received two bottles with
50 live Artemite, which were collected near Capodistria by Dr. Syrski,

of Triest, also a large bottle of marine mud and fresh sea water. The
Artemiae were, though dead, still of a fresh appearance. They were all

females, and tbeir egg-sacs were crammed with brown eggs. After re-

moving the eggs 1 placed them in a shallow vessel with marine mud
and sea water. Already four days afterwards I observed new-born em-
bryos swimming about, and many more toward evening. I divided them
on December 12 in two jars, marked with a and h. Owing to fehe marine
mud containing much organic matter (which was probably not the case
in the former experiment) they prospered well, shed their skins often,

and developed into females. The jar destined for the specimens origin-

ally received from Capodistria I marked with e. The embryos hatched
therein from the eggs of the killed original specimens and those embr3'0S
I divided into the two jars a and b.

That the embryos thus hatched did not all come from the eggs taken
from the egg-sacs of the original dead but still fresh specimens is quite
obvious, as the marine mud very likfr-ly also contained eggs of Artemia,
which were thus brought to development. Finally I got fully convinced
of this view, as in the larger jars a and h gradually an immense number
of young Artemise grew up, whose number by far exceeded the sums of

those embryos which I took from jar e, and which I placed into the jars

a and b. In no case could this superfluous brood have originated from
the older, fully-raised embryos, as the latter were not yet sexually ma-
ture when I noticed the bulky throng of continually forthcoming em-
bryos. On examining a quantity of the remaining mud from Triest I

found many Artemia eggs. The hatching of embryos in jar e kept on
from December 7, 1872, till March 23, 1873.

Some marine mud I placed also into jars a and b, and care was taken
to replace the evaporated salt water, a water of 1*^ Beaum6 having been
used for this purpose. On January 12, 1873, I counted 31 full grown
and 130 younger individuals, not counting the very youngest ones.

In the ovaries of seven adult females I noticed on January 19 the first

traces of egg-formation 5 on the 24th I saw the yellowish eggs in the
ovaries in 18 adult ones; 4 of them had yellowish eggs in the egg-sacs,

and 3 had brown ones; on January 26th 3 more had also brown eggs in

the egg-sacs.
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To verify whether those eggs were really umferiilized^ I arranged
another large jar with artificial sea water and marked it with/. Into
this jar I placed some Triest marine mud which had been j)reviously

boiled to destroy any eggs possibly contained therein. The adult
females placed in this jar prospered well. The uumber of adult females
in jars a and h continually increased, counting, on February 1, 24 fe-

males, all with brown eggs in their egg-sacs. Six of these females
dropped their eggs on February 5, their ovaries again showing activity.

1 again arranged another jar, beaiing the letter A, placing previously
boiled mud into it and those 6 females, whose egg-sacs, on February IG,

contained for the second time brown eggs, and again the same day I

I)laced 8 more specimens into it, taken from jar /, which afterwards
prepared themselves for a third oviposition, so that 1 was urged to take
for those 14 females another moderately large jar, bearing the letter *,

to allow them to dei)08it for a third time. On March 2 this jar i was
arranged with the 14 females, the latter depositing their eggs during
March ; on April 15 ajar marked m was prepared with boiled mud, i)lacing

2 females into it from jar i, which were about to deposit for the fourth
time. On May 4 one of the two deposited for the fourth time, and al-

though a fifth series began to form, I did not prepare another jar; the
specimen showed great weakness, and died subsequentlJ^
As a matter of course the females taken from jars a and h multiplied

in the jars/, ^, i, m. In jar/, out of which I took, up to February 28,

14 females and placed them into jar /i, I C(mnted, on April 6, 39 females.
It would be too tiresome to put down here all the notes as I wrote them
down seriatim in reference to further dcvelojiment of Artemia, and I
shall here briefly state the result of my experiments. The eggs were
for the greater part on the suiface of the muddy bottom. On March
16, being the 40th day after my first raised virgin Artemise deposited
their eggs, I noticed two embryos of the jSTauplius-stage, as figured
by Joly. For the sake of maintaining stricter control ot the embryos,
of whose parthenogenetic origin I had to be fully convinced, I placed
these, as well as all those later hatched in jar/, into a smaller jar, </,

with some previously boiled Triest mud. On March 24 I had eight
such embryos in jar g ; counting on March 30, 22; and up to May 10 I
had transferred 71 embryos from jar / into jar g. Henceforth tlie de-
velopment in jar / increased rapidly (May 11, hatched 25, and May 12,

49 embryos), so that up to May 23 I obtained from jar / 402 embryos.
In this manner I verified thatfrom eggs dq)osltcd hy virgin females of Ar-
temia salina^ which were not fertilised hy any mole sperm, a brood can de-

velope. The empty egg-shells were found to be partly floating on the
surface or hidden in the mud at the bottom. The fresh iinhatched Qgg
never swam on the surface, and the empty egg-shells on the bottom all

showed a crack.

Seventeen embryos were removed from jar g and placed in a jar
marked /c, with a quantity of prepared (boiled) Triest mud. This was
done for better observing the sexual development. Of these 17 indi-

viduals 5 were nearly full grown on Aj^ril 30, with no indication of ova-
ries, though with beginning egg-sac formation; two other individuals
of those 17 Artemiae did not yet show, though full grown, any sexual
differentiation.

On May 10 I transferred from jar A; those specimens which approached
sexual maturity into a jar marked o, together with some uupre])ared
fresh water clay-mud. These 14, in jar o transferred Artemiae develop-
ing into egg-bearing females, prospered well in the salt water of the new
jar, and filled, as usual, their intestine with mud as if they had hadma-

30 H
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line mud. I had to take fresli-water mud because the marine mud be-

gan to show signs of decomposition.
On May 22 the four oklest individuals in jar o had brown eggs ; also

all the others attained maturity by May 29, so that I was sure that these
15 females would soon deposit for the first time their eggs.

How many successive generations of Artemia salina retain the fac-

ulty to reproduce ])arthenogenetically without males remains to be ex-

amined. Joly made his observations with Artemiae from Southern
France in 1840, and supposed that these Artemiae must be either her-

maphroditic, or, if really males existed, that a single fertilization was
sufficient for many generations.

It would be of interest to re-examine the specimens of Artemiae of the
localities cited in literature of the years ]840, 1755 (Schlosser), 1830
(Thompson), 1851 (Leydig). Very likely the result would be that par-

thenogenesis in Artemia often occurs.

The examination of the ovaries and the occurrence of viviparous and
oviparous individuals led me to the conclusion that oviposition appears
in Artemia only when the egg-shell glands have so fully developed that
the necessary quantity of congealing matter can be recreated, as only
by this can the eggs obtain a solid, durable shell. Surrounded with
such a shell the eggs obtain the i^ower, hidden away in mud or even
perfectly dried up, to endure the most unfavorable external condi-

tions and preserve the faculty of development after long periods of

time. But if the development of the egg-shell glands has not been fully

attained the conditions for the formation of a solid and durable shell

are wanting. The eggs of such Artemiae then only receive a very thhi

egf; skin, in consequence of which the favorable influences lor the de-

velopment of the embryo will act ui)on the egg contents from outside,

thus accelerating the embrvo formation.

C—0]<r THE EELATIOX OF ARTEMIA SALINA MILNE-ED-
WARDS TO ARTEMIA xMUKHLHAUSENII MILNE-ED-
Yv^AKDS AND TO THE GENUS BEANOHIPUS SCHiEF-
FER.

By W. J. SCHMANKKWITSCn.l

[Translated by Dr. 0. F. Gissler. With Plate XXXIX.]

In the session of the Neorussian Society of Naturalist-s at Odessa,
held September 20, 1874, I made an addition concerning this matter to

the observations made in former years, and now I have again to com-
municate the following later results. I shall here briefly state that
Artemia salina jM. Edw., Joly {BrancMpus arietinus Grube var. Schman-
kewitsch, Artemia arietina Fischer var. Schm.), a very variable form,
yields not only by domestication but also in a state of nature even at a
gradually increased concentration of the water, a form similar to Arte-
mia muelilhaiisenii Milne-Edw\, Fischer, which I had occasion to observe
in the closed Kajalniker Salt Lake (Andreewsky-Limau) near Odessa
during the years 1871 to 1874, inclusive.

In 1871, on the occasion of a great spring flood, the embankment
which separated the lesser saline water of the upper portion of the Ku-
jaluiker Lake from the more saline portion of the lower part of the same
lake broke, wherebj^ the water of the latter became diluted to 8° Beaume.
At the same time Artemia salina appeared in great numbers, jirobably

' Zeitschrift fiir wisseuscli. Zoologic, xxv, Ites Snpplementheft, IS/o.
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brought along witli the flood from the upper portion as well as from the
surrounding brine ditches near the same.
After restoration of the embankment the density of the. water of the

lower part rapidly increased, showing already in the summer of 1872
14°, in 1873 18°, at the beginning of August 1874, 23.5°, and after a
continued drought in September of the same year 2o° of Beaume's
areometer, at the latter time the lower part of the lake beginning to

deposit salt.

[Simultaneously Artemia salina gradually degraded fi^om generation

to generation, so that toward the end of the summer of 1874 the majority

of individuals were without furcal lobes, showing then all the specific

characters of Artemia muehlhausenii (Fig. 6). In 1871 Artemia salina,

or better, one of its varieties, had moderately large furcal lobes, and on
each of them eight to ten, seldom 15, setse, distributed over both sides

and the tips (Fig. 1).

In the successive generations in the beginning of the summer of 1872,

these furcal lobes were already smaller, with but 3 to 5 or 3 to 4 setee,

the salt water then showing 14° Beaume (Plate XXXIX, Figs. 2 and 3).

In the same season of 1873 and at 18^^ B. the furcal lobes were still

smaller, representing short conical knobs with but one, two, seldom
three, sette (Fig. 4). Toward the end of the summer of 1874, many
individuals still possessed conical knobs or protuberances instead of

furcal lobes, without or with but one seta on tip, but the majority of

them were entirely destitute of furcal lobes and setss, as is the case in

Artemia. muelilhausenii with which these degraded examj>les were
identical in their smaller size as well as in other characters (Figs. 5

and G).

I also obtained the same results by domesticating Artemia salina in

salt water of gradually increased density or concentration, the examples
obtained being identical with those from the Kujalinker Lake at the

end of the summer of 1874 (Artemia muehlhausenii), yielding also the

same transitory forms.
By a reverse treatment, i. e., by gradually diluting the salt water, I

succeeded w^th Artemia muehlhausenii in i3roducing already, after sev-

eral weeks, a fnrca in the form of couic^al knobs, with one terminal

bristle, by which treatment also the development of other parts of the

body assumed a direction toward the higber specialized varieties of

Artemia salina, this being at variance with the retrograde development
taking place in condensing the salt water.

It is remarkable that the gills of these animals enlarge in proportion

or in ratio with the density of the water, so that in the form without
furcal knobs {Artemia muehlhausenii) the surface of the gills is much
larger in proportion to the size of the body than in Artemia salina. The
gills of the former especially enlarge in width. I draw the inference

that as the water of higher density contains less oxygen these Crusta-

ceans adapt themselves by gradually enlarging the surface of the

breathing apparatus.
Concerning the gills, I have to state that they are elongate in Artemia

salina and oval in A. muehlhausenii (Figs. 7 and 8). The width of the

gills in A. salina average scarcely half of their length, in A. muehl-

hausenii two-thirds of their length.

As regards the length of the body, I may mention the following-

measurements, showing the proportionate sizes of the gills; In Artemia
salina the average length of the gills at a density of 10° B. is the one-

twenty-lirst part of the b.ody length, the width being the one-thirty-ninth

I)art of the same. In Artemia muehlhausenii the average length of the
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gills at a density of 24° B. is one-eigliteenth part; their width is the
one-twenty-eighth part of the body length.

In measuring the Artemia salina the furcal lobes were not counted in,

which wonld have made the difference still greater, considering the
larger bulk of the body of Artemia salina compared with A. mueJil-

liausenii.

It api)ears that the species (Arten) of the genus Artemia are liable to

undergo, also, progressive developments at a gradually lessened density
of the salt water. The nature of those salt-water pools yields the con-

ditions necessary for their progressive growth, which pools, after a
number of years by continued washing of the briny soil, may turn into

fresh-water pools. Indeed, Artemia salina inhabits, also, such salt-water
pools in the neighborhood of the lake in which occurs, at a low density
of the water, also Branchipus spinosus Grube; at a still lower densitj^,

Branchipus ferox Grube, and another species of Branchipus with hook-
like bent furcal lobes, which latter species I described as Branchipus
mediiis in the "Schriften der dritten Versammlung russischer Natur-
forscher."

In artificially domesticating Artemia salina in gradually diluted salt

water I obtained a form with the characters of the genus Branchipus,
{B. Schaefferi) which might be regarded as a new species of Branchipus.

I had already occasion to discuss this point in the '^Schriften" of the
Russian Naturalists, third session, and in the "Schriften" of the Neo-
russian Society of Naturalists (Vol. II, part 2), and again have to state

as follows

:

The only two characters separating the genus Branchipus from the
genus Artemia are the following: Firstly, that Artemia, inclusive of
the genital segment (two segments together), possesses eight apodous
postaMominal segments, with the last of these eight segments nearly
twice as long as the penultimate (Fig. 9c), w^hile Branchipus has oiine

such segments, of which the neighboring segments, by twos, show but a
small difference in length ; and, seconflly, the existence of a physiologi-

cal difference, parthenogenesis occurring in Artemia, which phenomenon
has not yet been observed in Branchipus. This is a negative and ill-

defined character.

The first mark of distinction seems to be more important, but under-
goes changes in Artemia under the influences of the surroundings, where
the character of the genus Branchipus appears especially, than when
several generations of Artemia are domesticated in gradually diluted
salt water.

I have convinced myself, that the last long eighth segment of the post-

al)dmnen of Artemia is homologotis with the tivo last segments of the post-

ahdomen in Branchipus, namely the eighth and ninth.

In the progressive growth of several generations oX Artemia in gradu-
ally diluted salt water the last apodous eighth postabdominal segment
of Artemia subdivides itself into two segments, whereby nine apodous
segments are formed (Figs. 10c and d), as in Branchipus. Branchipus,
however, in its youth and towards the end of its last larval state, has
but eight abdominal segments, of which the last is also as long as in

Artemia. Also without artificial domestication we can convince our-

selves of the homology of the last eighth apodous segment of Artemia
with the same two last apodous segments of Branchipus.
In the species of Branchipus occnvTing in this region we find fine bristles

distributed around the posterior end of each postabdominal segment,
except in the last ninth segment. Every bristle arises from the mid-
dle of a complex of small tooth-like spines w^hich are of extraordinary
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size iu the male of Brancliipus spinosus. Such bristles we also find iu
Artemia in the same places and similarly distributed (Fig. 9fZ), only that
they do not arise out of a complex of dentate spines, bat out of the
middle of a complex of cuticular cells, which can scarcely be distiu-

tingnished from the surrounding; tissue (Fig-. 11).

It is of some importance that in Artemia not onlj- near the end of
each segment do we find such circidarly placed bristles, but also in or a
little above the middle of the last long eighth postabdommal segment,
i. c, on that spot where the articulation ought to be, and where it is

actually found in Branchiinis, between the eighth and ninth segment, and
where in Artemia this articukuion after domestication of several gener-
ations in salt water of successive lower density, *. e., under such con-

ditions, is formed, which may be serviceable to progressive develop-
ment.^

Under the same conditions the complexes of cuticular cells just men-
tioned transform; out of their midst bristles develop by degrees in both
sexes of the domesticated Artemiae, into complexes of denticular spines,

as they are found in both sexes of Brancliipus. (Fig. 12.)

These denticular spines are small and of equal size in both sexes of
Brancliipus ferox ; in the female of B. spinosus they are also smaS, but
iu the males of extraordinary size; in Brancliipus medius (described else-

where) they are large in both sexes, somewhat larger however in females
than in males.
At the same time, in domesticatingJ.rfewm, all other characters change

progressively toward Brancliipus ; as, for instance, the length of the
furcal lobes, the number of their bristles, and so forth.

After such results we unwillingly arrive at the conclusion that the
Artemia usually occurring in salt water of great density is nothing else

than a degraded form of Brancliipus under the influence of its surround-
ings, which latter form usually inhabits fresh water or salt water of low
density.

On the other hand we have in Brancliipus a higher developed form of

Artemia^ which has transformed in a progressive direction.

The cause of this may not only be the different concentration of the
water, but also its temperature. In nature Artcmice mostly inhabiting
salt lakes represent the summer forms, while Brancliipus, often populat-
ing dried-up pools, represents the spring or fall form.

In domesticating, I observed that a high density of the water retains

the giowth and the development of specific characters of these animals,
while a simultaneous higher temperature evokes sexual maturity earlier

than the complete deve'opment of limbs ; higher temperature together
with higher density of the salt water also contribute to retrogradation
of forms and their degeneration.
Of course, as I couviuced myself, a gradually increased density of the

salt water, even at a lower temperature, tends to degradation of forms;
for such a water, besides its mechanical influences upon the organism,
contains less oxygen than let^s saline water and much less than fresh

water, which plainly shows itself in artificially domesticating these
animals, and which ])oint I have already referred to.

The following are the principal results of my investigations

:

1. In artificial domestication of several successive generations of Ar-
temia salina Milne Edw. in salt water of gradually increased density we
obtain a form identical with Artemia muelilhausenii M. Edw.

2. Artemia salina M. Edw. is also apt in a state of nature after a

1 See Plate II of the " Scliriften " of the third meeting of Russian Naturalists, Zoo-
logical Part.
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small number of years, and a comparatively sboi t series of generations,

in a salt lake with increased density to transform itself into a form
identical with Artemia omtehUiausenii M. Edw., whereby this form is

enabled to remain constant, as long as the surroundings are not changed.

3. Artemia is apt, in artiticiaily domesticating several generations

in salt water of gradually decreased density, to progressively develop

towards the geinis Branchipus, obtaining thereby its generic characters,

nine apodous segments.

4. In a state of nature salt-water ditches of different density, inhab-

ited also by the higher specialized forms of Artemia^ yield the condi-

tions for progressive development of Artemia into Brancliipus.

5. The size of the furcal lobes in Artemia, the number of bristles and
their distrdmtiou on the tips and sides of the lobes, are, together with
the other generic characters, dependejt on the concentration of the

salt water inhabited by Artemia.

G. At a lower density of the salt water occur also in certain brine

ditches Artemioi with ])retty long iurcal lobes, with a considerable num-
ber of bristles (up to 22 distributed over each lobe), similar ro Branchipus.

7. The only characteristic features distinguishing the genus Branclii-

pus from the genus Artemia aiv:

Firstly, the presence of eight apodous postabclominal segments,
whereby the last eighth segment is nearly twice as long as the preceding,

while in Branchipus there are nine such apodous segments, of winch
neighboring segments, by twos, show but a trilling longitudinal differ-

ence.

Secondly, parthenogenesis occurs in Artemia, while in Branchipus it

is not yet known to occur.

8. The last long eighth postabdomiual segment of Artemiw is homol-
ogous with the last two i)ostab(lominal segments of Branchipus.

I have now to a^jpend a few words on the parthenogenetic propaga-
tion of our Artemia.

I had already observed parthenogenesis in Artemia in 1871, while ar-

tificially domesticating several isolated generations. It being something
new to me at that time, I devoted more attention to investigations on
the influence of surroundings on Artemia. relative to mor[)hol()gy.

Of three isolated generations of $ Artemia salina I obtained, while
artificially domesticating them, by parthenogenetic.al propagation, in

every density of the salt water that sustained their life, onig females.

. . . I mentioned in the "Schriften" of the third meeting of Hus-
sian naturalists at Kiew, . . . that the males appear in the lake in

great numbers at a moderate density of the salt water.

For such moderate density I took the density of the Hadschibei
Lake in the summer of 1870, it having been literally filled witli Artemiw,
Mdience they were thrown on the shores in piles by the waves, where
they decayed.
However, I committed a mistake, overlooking an error iri the ])rotocol

of the third meeting at Kiew, having said in my printed report that only
at a mean (moderate!) density of the water, siinilar to the density of the
preceding year (1870), by domestication as well as during the summer
in the lake males appear, instead of having said, only at a moderate
density of the water, similar to that of the ]n"eceding year, by domesti-
cation as well as during the summer in the lake the males ought to ay-

pear. As 1 noticed at the time, that the males of Artemia. appear in the
lake at a certain density of the water, I assumed, after I could not ob-

tain them either at a higher or lower density, that they still ought to

make their appearance at the density for which I took the salt water in the
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summer of 1870, tlien not yet being aware that, aeconling to Professor
Siebold's investigations, no males conld be developed.^ The same error
crept into an extract of the protocol, sessions of tlic zoological part of the
third meeting of Eussian naturalists at Kiew contained in this journal
(Zeitsch. f. w. Zoologie), and this gave Professor von Siebold occasion for

a timely remark.' Taking advantage of the present occasion to correct
the mistake, observing that it was not printed in my paper, although
the latter, together with the report, was prepared in the same session,

I have yet to add that Artemia salina becomes accustomed to gradual
changes in the concentration of salt water in the lake, as well as in do-
mesticating them, and then becomes fitted to stand a very high or very
low density of the water, so that either of them form a suitable envi-

ronment. In rapidly changing the concentration of the salt water the
same is rendered unfit to sustnin life, changing the manner of obtaining
food, and produces, at the same time, in a state of nature, the ai)pear-

ance of males in forms to "which ])arthenogen(?sis is peculiar.

I had already observed this in Artemia in the lake, but saw this es-

pecially in Daplmia with artificial domestication of non-isolated females,
that the males of the domesticated S])ecies first appear on the most ex-

treme life-sustainable limits of the surrounding elements, i. e., as well
at a too low as at a too high temperature.

If we domesticate the fresh-water species, Baphnia magna Leydig, in

weak salt water, which they stand well, there appear, at this compara-
tively rapid heightening of density of the salt water, males and fertil-

ized eggs at such a moderate temperature, at which ordinarily the same
species in fresh water propagates })arthenogenetically.

In the Hadschibei Lake occurs Daplmia rectirostris Leydig, at a den-
sity of the salt water of 5° to 8° B., especially in spring and fall ; the
same disappearing in summer at a higher density of the salt lake,

while befoie the females often in the middle of the summer cease to pro-

pagate parthenogenetically, bearing as in fall fecundated eggs in

ephippia.

Altogether I i)roduced during the artificial domestication of Daphuia
the appearance of males and fecundated eggs through rapid augmenta-
tion of the density of the salt water as well as through rapid increase of
temperature. However it is difficult to say which will be the mean of
concentration for a known species of Artemia, because a slightly less-

ened density, though favorable for the growth of the individual, weakens
its ])ower of propagation, while a heightened density augments (or sup-

ports) propagation, on the other hand this being a hindrance for the
development of the individuals. The undiscovered mean of density, it

seenis to me, must be between these two i)oints, the most extreme limits

of the favorable condition of the surrounding elements being then out-

side of those two points.

On these lijnits we must find a density at which the males appear in

the lake in great multitudes, as several observations and analogous in-

vestigations on Daphnia have demonstrated.
1 therefore recede from my opinion that the males of Artemia appear

at a mean densitj' of the salt Avater, if the mean density is determined
between that of favoring the development and that of assisting the pro-

pagation.
Until now I have found the greatest number of males o£ Artemia sa-

lina in the Hadschibei Lake in the middle of the summer of 1870, at a

^C. von Siebold, Reitriige znr Partlienogenesis der Artbropodeu. 1871, p. 224.
2 0. von Siebold, Ueber Partlienogenesis der Art. salina. Extract of the sessions of

th,e Koyal Academy of Sciences at Miinchen, Itil'S, p. 190.
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strong evaporation after continued drouglit, the salt water tlien rapidly
reaching a high concentration.

I have yet to add a few words on the geographical position of the lake
and the salt-water ditches iidiabited by Artemia salina.

Tvro great salt lakes, the Hadschibei and the Kujalnitzkj^, are situated
about 7 or 9 versts from Odessa towards Mkolajeft". These two lakes
(Russian, limaue) were formerly two broad river entrances and ocean
bays, into which two rivers formerly poured.
At present these two small draining rivers no more deserve their

names. The " liraanes " were subsequently cut oft* from the sea by broad
stretches of sand, the Peresippe, and vv-ere transformed into salt lakes.

Only in the lower part of the Kujalniker-Limane, separated by an
artilicial embankment from the upper part for the purpose of obtaining
salt, is the salt deposited.
The Hadschibei-Limane showed with my areometer 5° B. as the low-

est and 12° B. as the highest concentration.
The salt-water ditches are distributed over the saline soil in the neigh-

borhood of the lake, situated between the lakes and the seashore along
the Peresippe to near the city of Odessa.

In the various ditches occurs salt Avater of various densities from
nearly fresh water up to water of 5° Beaume.
Only the more salty ditches of 4° to 5° B. are inhabited by a (ziem-

lich ausgebildet) developed form of Artemia salina, often sissociated with
BrancMpus spinosus. In less saline ditches occurs Branchipus ferox and
BrancMpus medius.

Similar results, as regards the evolution of the form, I have also

obtained from Daplinia, Cyclops, and Oanthocamptus, and I promise to

soon publish these investigations.

Eemarks.— 1. I have especially endeavored in the above writings to

draw attention to the fact that in domesticating Artemia salina in

gradually diluted salt water, after several generations and at a pro-

gressive development, I obtained a form presenting the most important
morphological characters of the genus BrancMpus, so that such a form
was at one time regarded by me as a new species of Braiichipus.
The principal generic characters of Branchipus I regard as the nine

apodous postabdominal segments.
Although we obtain in progressively' domesticating Artemim the

characters of the genus BrancMpus, and although,- also, the other char-

acters change in the direction toward Branchipus, such an artificially

domesticated Artemia, for many reasons and marks of distinction, can
only be considered as a lower term of a Branchipus, representing, con-

sequently, a transitory form from Artemia toward Branchipus^ and an
intermediate form between these two genera. Such a form can also be
looked at as n prototy])e or radical type of these two genera.

2. An im])ortant circumstance is that in those Branchipits observed
by me, a few bristles are distributed in a circle around each post-

abdominal segment jnst before the articulation, and that in Artemia
such bristles occur also in a circle at a little above the middle of the
last postabdominal segment. I mentioned above that in Branchipus
each such bristle arises out of the middle of a complex of dentate
spines, which are of very large size in the male of Branchipus spinosus.

I find it necessary to add that I found such dentate spines in both
sexes of the species of BrancMpus examined by me only on the ventral

side of the postabdominal segment just before the articulation, at which
location they could be plainly seen. It is well known that in the male
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of BrancMpus sphwsus groups of dentate spines occur only on the ventral

side of the postabdomen just before the articulation.

In the same places tine bristles arise out of groups of circulatory cells

in Artemkc living in salt water of high density, which cells, by domes-
tication of several generations of Artemia In gradually diluted salt

water, transform into groups of small dentate spines.

3. Under the name of postabdomen I mean the last nine segments of
the posterior section of the body, or all apodous segments which are
frequently called postabdomen. Artemia has eight such segments.
After all, it seems to me that not all apodous segments deserve

either the term abdomen or postabdomen, since the tirst two segments,
bearing the external genital organs, are more sharply defined or insected
from the following segments, being also somewhat shorter and broader
than the latter, having therefore more resemblance with the preceding
limb-bearing segments.

It appears to be more proper to add the two connate genital seg-

ments to the i^rseabdomen, calling postabdomen all the other apodous
segments; this view concurring also with the developmental history.

According to the latter view we have seven apodous segments in

Branchipus and six in Artemia.

D.—COi!^TEIBUTION TO A KI^OWLEDGE OF THE INFLUENCE
OF EXTERNAL CONDITIONS OF LIFE UPON TUE OR-
GANIZATION OF ANIMALS.

By Wladimir Schmankewitsch.i

[Tranalated by Dr. C. F. Gissler.]

I published in 1875 in the Russian language, in the Transactions of

the Neo-Eussian Society of Naturalists (Vol. Ill, 2d part), a paper under
the title "Some Crustaceans of the salt and fresh waters, and their rela-

tion to the surrounding elements."^
After the further elaboration of the material, I shall publish the entire

contents of my labors, at present submitting only the part which I re-

gard as the more complete.
I.

—

ISome instances illustrating the influence of salt-IaJ:e surroundings
upon the life and development of several crustaceans.

1 Zeitsclirift fiir Wissenschaftliche Zoologie, XXIX, 429-494, 1877.

-The conteDts of the paper arc the following: Chapter I. The genus Cyclops {Chicus-
pidatus Cls. and C. odessanus n. sp., C. hrericaudatus Cls., C. brericoruis C\s., C. serrulatus

Fischer. C. teimiformis Cls., C. vrinutus Cls.). Enumeration of the species and race'^

of this genus from the neighborhood of Odessa. Diagnosis of the iindescribed forms
of Cyclops. The indication of forms necessary to comi>are the characters of the known
species of this genus. General remarks on Cyclops brericomis and C. brcvicaudcttus.

Effect of the surrounding element upon the forms of Cyclops under artificial domesti-
cation. Chapter II. Cleiocampt>is genus novum (lamily of Harpactida;), CI. stromii

and CI. retroriressus, and domestication of the latter in changed surroundings. Chapi-

ter III. Traitsfitga gen. novutri (fam. Harpactidjc), Tr. aalhius n. sp., and Tr. lacustris

n. sp. Chapter IV. The relations between marine forms and fresh-water forms in the
family of Harpnctidce. Chapter V. The genus Daphuia. D. magnaljejd. varietas, D.
rectirostris Leydig ( Moina reclirosiris Baird) of salt and Iresh waters. Daphnia defjcneraia

n. sp. and D. rudis n. sp., both marine forms. Chapter VI. The genera Artemia and
Branchipus. Artemia saUna Milne-Edwards. The generations oi Artemia salina receiv-

ing the characters of Art. Milhaiisenii. Braiicldi^us ferox Chyzer varietas. Branchipus
spiiwstis Milue-Edw. Branehipm medius mihi. The characters of the genera Artemia
and Branchipus. The transformations of the branchial sacs and posterior gill-lobes

in Artemia and Branchipus under the influence of the surroundings.
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For the purpose of illustrating this, 1 havecliosen Baphnia rectirostris

Leydiji' {Bloina rectirostris Baird) aud Branchipus ferox Cbyzer.
Baphnia rectirostris occurs here in large numbers in fresh-water basins,

brine ditches, and also in the Chadschibaisky Salt Lake. In the latter

they occurred at a concentration of from five to eight degrees of

Beaume's areometer. Two characters are seen in the Baplinia rectiros-

tris living in so diversified elements, the former dej)cnding on the latter.

It appears firstly, that in salt water, and especially in the more saline

Chadschibai Lake the middle temperature is lower, i. e.. the temperature
more favorable for the life of Baphnia rectirostris than the temi)erature

favoring the life of the same Daphuia in fresh water, so that the Daph-
nia, being in reality a summer form of the fresh waters, changes in salt

water into a fall form, occurring till the beginning of winter in the salt

lake at a concentration of 7° to S^' Beaume in immense quantities, even
remaining viviparous at a temperature at which the individuals of the
fresh-water generations of the same species could live no longer. Sec-

ondly, the individuals of the salt-lake generations of Baphnia rectirostris

represent a degraded or retrograde form of the fresh-water generations

of the same species, differing from the latter the more the higher the

concentration of the salt-w^ater basins in which they occur increases,

so that the individuals of the salt lake differ more from the fresh-water
forms than the individuals living in salt ditches.

So much do the forms of Baphnia rectirostris from the salt lake differ

from those of the fresh waters that they could be regarded as a separate
variety of Baphnia rectirostris, although it is but a transformed gener-

ation letarded in its development, and changed under the influence of
the surroundings of Baphnia rectirostris inhabiting the fresh waters.

On account of various observations and experiments, I presume that

the peculiarities of the salt-lake form of Baphnia rectirostris are entirely

dependent on the properties of the salt water which they inhabit.

Baphnia rectirostris cannot stand in summer a density of the water
of the salt lake of iP B., while it lives in great quantities in the same
salt lake at a density of 8° B. in the fall, toward the end of October
and in November, being than vivii)ai'ous, that is, at such a season in

which the fresh-water form of our Daphnia has. already ceased to live.

Tills is not an extraordinary phenomenon, considering that a certain

aeration of the water is unconditionally necessary to sustain the life of

Baphnia rectirostris, and that it is unimportant by which means the
aeration of the w^ater is regulated. Agreeing w4th the physical law
the less the aeration of the salt water, the higher its density becomes,
which results that fresh water must contain more air than any salt

water of the same temperature. It consequently follows that also in

a salt water of certain concentration at a corresponding low^er tem-
perature the same quantity of air as in fresh water could be contained.
It is obvious that the quantity of air in the water of the Chadschibai
Lake toward the end of October and at a density of 8° B. could approxi-
mately be the same as that in fresh water during tlie summer, and
therefore the processes of nutrition in the organism of Baphnia rectiros-

tris could in reality be as favorable in both the fresh and salt water.
Tliough analogous in general, they differ singly from each other, as, for

instance, by the higher pressure of the more dense water, which density
again depends on the quantity of salt aud the lower teuiperature of the
water. Dej^endant on such differences between salt and fresh w^ater

are also partly some differences in the organization of the salt and fresh

water forms of Baphnia rectirostris.

In the females of the Chadschibai Lake, the penicilii or fascicles of
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knobbed sette (Tast-borsten) are but little developed, being scarcely
fifty times shorter than the anteuuos themselves, while in the females of
the fresh water the same sensitive penicilli are moderately long, and
only six times shorter than the entire antenna. In the males, the sen-

sitive bacilli are also shorter than in those males inhabiting fresh water.

The small hooks situated near the sensitive bacilli on the ti})s of the
male antennce of fresh water are strongly curved with pointed tips,

while in the males of the Chadschibai Lake those hooks are shorter,

less curved, and with blunt tips. Of the two pointed i)ale sensory
threads situated on geniculated protuberances of the first posterior

third section of the male antenute, the posterior one is a little shorter

than the anterior thread, the latter coming out a little more in front.

These threads are in the males of JDaphnia rectirostris of the Chadschi-
bai Lake, not in a straight, but in a screw-like line. The distance

between one thread and the other is considerable, which character in

the fresh-water males is much'less prominent. The fresh-icater individ-

uals of this species have in their earlier stages a period during tvhich they

resemble in this, as ivell as in other respects, the mattire forms of the salt

lake.

Besides the diiferences observed in the antennce of the salt-water

generations of Daphnia reetirostris, our attention is called to the num-
ber of slender " gefiederten," or, better, finely toothed spines, which
occur on the lateral surface of the postabdomeu of Daphnia rectirostris,

running laterally seriatim and nearly i)arallel with the direction of the
rectum. Leydig ^ called them finely feathered spines, which I would
have called triangular, laterally finely dentate plates. However this

may be, we observe in our fresh-water forms of D. reetirosti^is on each
side 11 to 13 of these spines or i)lates, only 7 to 9 in the salt-lake form,

meaning here, as a matter of course, mature individuals only. In
younger specimens there are less spines than in the adults of the same
surroundings, and therefore the young fresh-water forms have the same
number of spines at a certain age as the adult forms of the Chadschibai
Lake, which demonstrates the retarded development of the latter.

Furthermore, our fresh-water Daphnise {D. rectirostris) are nearly color-

less, or of a slight yellowish color, while the same species in the salt

lake are of a reddish color. The so-called winter eggs of the former
have an ochreous or orange-colored yolk. Those of the latter are red
throughout. The bristles in general are less numerous in the salt-lake

form of the Daphnia than in the fresh-water form, and the average size

of body in the latter is also less than in the former, although the differ-

ence is but slight.

The generations of D. rectirostris inhabiting our salt ditches repre-

sent in every respect a transitory form between the fresh-water form
and the salt-lake form, which lake has a higher density of the salt

water than the water in the salt ditches, where it fluctuates between 1°

and b'^ Beaume.
In domesticating Daphnia rectirostris I also convinced myself that

the salt-lake form can also live at a lower concentration of the salt

water, only requiring herein a higher temj^/erature, than that fit for

them in tbe very saline lake; that is, it wants a summer but no iiill

temperature. In this less concentrated salt water the degradation of

individuals is considerably diminished with the generations, so that

they finally resemble the individuals of this species from salt ditches,

*. e., they approximate the fresh-water form. In so domesticating,

1 Naturgeschiclitc der Dapliuiden, Leii)zig, 1860, p. 175, Tab. X, 76.
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during a rather brief duration the sensory threads on the tips of the
antenitre become nearly three times longer than before the beginning of

domestication.
We now find in comparing the fresh-water generations with the salt-

water generations of DapJmia rectirostris that the latter generations not
only changed in consequence of the immediate effect of the surrounding
elements, but also in consequence of retarded development under their

influence; and, furthermore, that the sexualmaturity shows itself earlier

in the salt-water generations than the comj^lete typical development of

the body parts. The termination of the sensory antennas, the color of

the body, the lesser pinnulation of the bristles in the salt-water genera-
tions are principally dependent upon the immediate effect of the sur-

rounding elements. The smaller number of the above-mentioned spines

on the postabdomen principally depends upon the retarded develop-
ment under the influence of changed surroundings. In the latter case
the indi^'iduals commence, without awaiting the development of their

body parts, to augment, and are in that state a complete animal form.
Brancliipus ferox affords a still more characteristic example of the in-

fluence of the salt-lake element. Milne-Edwards,^ whose words Grube^
repeated in his diagnosis of this species, gives a brief description of
BrancMpus ferox from the neighborhood of Odessa. Ohyzer^ completed
his description from Hungarian specimens. The diagnosis by Oliyzer

of this species differs so much from that of Milne-Edwards that both
authors could not possibly have had one and the same form of Branchi-
pus, as we shall see later on. It is difflcult to understand why Milne-
Edwards does not mention the two so important characters of this

species, which ought to rank with the principal characters which Chyzer
enumerates. This is the conspicuous length of the egg-sac, and espe-

cially the tact that the abdominal appendages or furcal lobes are bristled

only on their inner edge. To this latter peculiarity Chyzer especially

l)oints out the characteristics of Brancliipus ferox. It is evident that
Milne-Edwards had a very closely allied form to that of Chyzer's, since

in the neighborhood of Odessa, wherefrom Milne-Edw-ards's form came,
generations of this species occur in salt, brackish, and fresh water, which,
ovving to their dependence of the density of the water basms, consider-

ably differ in their characters. The generations inhabiting salt-water

ditches of about 5° Beaume differ as nuich from the individuals inhab-
iting fresh water, es])ecially the Hungarian forms described by Chyzer,
as any species will.difl'er from another one. Had I not found all pos-

sible transitory forms between fresh-water and salt-ditch forms, had I

not convinced myself of the variability b}^ domestication of this form,
I should have regarded the salt-lake specimens as a new form. For
some time I really took them for a variety of Brancliipus ferox Chyzer.
At present, and after so many convincing results, I can only condition-

ally regard this form as a variety.

To demonstrate how much the salt-lake generations of Brancliipus

ferox (from the salt-water ditches) differ from the Hungarian fresh-

water specimens, compare the following characters: The egg-sac of the
salt-lake BrancMpus ferox reaches in its length oidy to the beginning,
or to the middle, of the fifth apodous segments, but as the following
sixth, seventh and eighth segments are longer than the anterior seg-

ments, the egg-sac reaches scarcely to the middle of the iDostabdomen,

'H:stoire naturelle des Crnstacdes, III p. 369.

^Bemerkiuigvn iiber die Pliyllopoden, Archiv f. Naturg p. 142, 1853.
' Fauna UiigurDS Crustaceeu. Verliaudl. der zoologiscli-botauiscliGU Gesellschaft

in Wien, 1858, p. 516.
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counting in all apodous segments, while in the Hungarian forms the
length of the egg-sac equals the whole postabtlomen, excluding the ab-
dominal appendages. Besides, in Branchipus ferox of the salt-water
ditches the egg-sac is not spindle-shaped, only elongate, often entirely

oval, i. e., not only shorter, but also broader, as in the form diagnosed
by Chyzer. In our salt water ditch forms the furcal lobes average in

length the eighth part of the body length, inclusive of the furcal lobes;

in Chyzer's Hungarian form, as shown by tlie measurements, the furcal

lobes average the fourth and a half part of the whole body length in-

cluding them, that is, they are much longer in the Hungrjrian form.
The most important difference consists in that wbilein Bratiohipus ferox
of our salt ditches the furcal lobes have both edges bristled, in the form
described by Chyzer only the inner edges of the lobes are bristled.

Lastly, our salt-water ditch form measures, inclusive of the abdominal
lobes, seventeen to twenty-two mdlimeters, the Hungarian form twenty-
nine to thirty-four millimeters. Our salt-water form approaches in all

other respects the diagnosis of Chyzer, and does not disagree with the
determinations of Milne-Edwards and Grube.

Besides the difference between the specimens of our salt-lake-water
and the Hungarian fresh-water forms of Branchipus ferox, -we Und, after

strict examination of the matter, that the bristles of the furcal lobes in

our salt-water-ditch forms, only in young animals shortly before becom-
ing sexually mature, commence at the base of the lobes in one height,

and that on getting older the number of bristles is lessened along the
exterior edge, and that in the adult, and especially in old individuals,

the bristles on the exterior edge of the furcal lobes will be seen to com-
mence more than twice lower than on the inner edge of the same. At
a length of the furcal lobes of 2.5'"^", in the adult form, the bristles be-

gin on the inner edge at a distance of 0.24'"™ from the base of each lobe,

but on the exterior edge they begin at a distance of 0.52°^™ from the base
of each lobe. The bristles on the exterior edge of the lobes are in adults
of this form more than twice shorter than those on the opposite inner
edge, especially on the first half of the furcal lobes. The younger the

individuals are the more trifling is the dijferenee bettceen the bristles of the

inner and outer edge of the lobes. Furthermore, in the salt-water ditches
of low density such generations of Branohipus ferox live, whose individ-

uals have an average size of about 22"'"'. In these larger specimens
the exterior edge of, this or that abdominal appendage in the adult
state has no bristles from base to the middle of the lobes. The bristles

of the exterior edge are also shorter and more sparsely distributed than
in the preceding form. Their egg-sac usually reaches down to the
middle of the fifth apodous segment, and is a little longer than the egg-
sac of the preceding form. The ditches with nearly fresh, scarcely

saline-tasting, water harbor also still larger specimens of Branchipus
ferox, measuring some 25"'™ in average length. In these large individ-

uals in mature age the exterior edge of either furcal lobe is without
bristles from base down to over the middle of each lobe. The remain-
ing bristles are again still more sparsely i)laced, and also shorter than
in the preceding form; the egg-sac is also a little longer.

Specimens of Branchipus ferox, collected by me in ditches on Taman
Island, in the neighborhood of the city of Kertsch, represent another
link in the series of transitory forms between the extreme generations
of the salt-lake and Hungarian fresh-water specimens. In the Taman
specimens, which have a length of 30™'", the egg-sac reaches to the
middle or to the end of the fifth apodous segment of the abdomen, the
furcal lobes having nearly the same length as those of the Hungarian
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specimens; but in the adult state, on their exterior terminus of the

lobes, remain more or less short, sparsely placed bristles, the less the

older the specimens are. As the smallest number of bristles, 1 found
seven ; so that at 6.9""" length of a lobe its exterior margin was bristled

only up to a distance of 1.5""". As the highest number of bristles in

mature specimens, I counted fifteen; so that at 6.8""" length of a lobe its

exterior margin was bristled ui) to a distance of 3.4'"" from the tip of

the lobe.

To explain the formation of such a remarkable character as the miss-

ing of bristles on the exterior margin of the furcal lobes in generations

of BraivMpus ferox inhabiting fresh-water ditches, we need only be
reminded that these lobes are the longer the less dense the water is in

which they live, and that in the real fresh-water generations of this

species the furcal lobes are the largest. I have also observed that these

lobes distend at a wide angle in swimming; the wider they distend the

longer they are. In addition, the exterior margin of these lobes contin-

ually cut the water, being therefore in a higher degree, subject to the

mechanical influence of the water. Even if the pressure of the salt-

water be higher then are the furcal lobes of the salt-water forms of this

species much shorter, and, besides, w^e may say that the salt-lake gen-

erations do not fully grow uj); therefore, remaining provided with the

principal characters of the young fresh-water forms. The fresh-water
generations of BrancMpus ferox have, amongst all European^species of

Brauchi])us, the longest furcal lobes.

The domestication ot several generations of this species in sa^t water
of various concentration verities also the eifect of the surroundings.

I therefore can see no necessity of admitting here an iutiaence of nat-

ural selection and to add new unknown factors to solve this problem.

One of the most remarkable phenomena is the fact that in our shallow

marine district so rich in salt-water basins (closed lakes and salt-water

ditches), even in pure fresh water the typical fresh-water form of Bran-
cMpus ferox Chyzer does not ocCur, but only a form approximating in a

certain degree those of the lowest generations of this species, inhabiting

our salt-water ditches, connecting it with the Artemia; above all with

the extreme race of Artemia salina (varietas a), which also lives in our

salt-water ditches. This is not the only example of such an abberration

of form. In the fresh waters of the neighborhood of Odessa we do not

find the real Ba-plmia magna heydig; however, one of its races occurs,

representing an abberration toward JDaphnia pulex Leydig^ of a lower

grade. The generations of our fresh-water Baphnia. magna variety,

distribute themselves also in a few salt ditches, where they form a still

greater deviation from the typical form. In more saline ditches (ofabout
3° Beaume) occur such forms of Daphnia, bearing the characters of

another, simultaneously reminding one of Baphnia magna varietas, B.
pulcx, and partly also of Baphnia reticulata and />. quadrangulata Leydig.

I described this form under the name of Baphnia degenerata^

Eegarding it as a degraded form of those ancestors, which gave origin

to the existence of Baphnia magna and B. pulex^ I actually convinced
myself in examining generations of Baphnia degenerata at different

seasons of the year and at various densities of tlie salt water, and also,

by domesticating them, that it is a changed and degraded form of our

1 See my reports iu the '
' Scliriften " of tbe Neorussian Society of Natiiralists, Vol. Ill,

Part 2, pp. 196-216.
2 Opns citatum, pp. 228-232. I have to add the folIowiDg: The sensory antenna of

the female of I), degenerata is provided ou its upper surface with the same bristle as

occurs in D. magna.
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variety of Daphnia onagna, the latter variety being itself again an inter
mediate form between the typical Daphnia magna and D. pulex. If we
would restore the middle radical form, which gave origin to Daphnia
magna and D. pulex, we would receive a form most similar to our Daph-
nia magna varietas, in the production of a still farther allied, a prototype
for the largest number of Daphniss, we would arrive at a form most
similar to Daphnia degenerata from the salt-water ditches. Such ex-

amples show that, oiving to the neighborhood of salt ivaters in which the
generations of the fresh-water species distribute themselves and in

which they change under retardation of development, the species them-

selves in fresh waters of such districts deviate to a certain degree from the

typicalform, i. e., they change toward the direction of the next lowest
species of their genus. In consequence of the existence of such an ele-

ment in these districts the area of distribution of the species changes;
but as the center of this area will be found somewhere between the
fresh-water and the salt-lake element, the aberration of the fresh-water

generations in the neighborhood of salt-lake waters, in which the gene-
rations of the fresh-waters pecies already considerably changed them-
selves and become retarded in their development, is ea!<ily understood.
The salt ditches, which distribute themselves on saline soil near Odessa

between the sea and the two salt lakes, the Chadschibaisky and the Ku-
• jalnitzky, become fresh-water ditches after gradual elevation, and sim-

ultaneously begin to become populated with fresh-water generations,

whereby these generations form, to a certain degree, changeable transi-

tions toward the more changed salt-lake forms. Some of the ditches six

years ago containing salt water of about 3° to 4° Beaurae, and inhabited
by the salt-water species, Branchipus spinosus Milne Edw., now contain
nearly fresh water, and are populated this year (1876) with the fresh-

water forms Daphnia magna Leydig varietas and Cyclops brevicaudafus

Glaus, slightly changed in the direction toward the lower forms. In re-

lation to the latter, a transitory form of Cyclops brevicaudatus varietas

h^ and Cyclops brevicaudatus Claus, was to me of great interest. In the
real fresh-water Cyclops brevicaudatus the extreme inner one of the four
furcal bristles is twice as long as the extreme outer, or actually the twenty-
fifth part shorter than the double length of the last outer bristle ; in gener-
ations inhabiting less saline ditches the extreme inner bristle is, on an
average, the sixth part shorter than the double length of the extreme
outer. In Cyclops brevicaudatus varietas b. the extreme inner furcal

bristle is but little (one-quarter) longer than the extreme outer. The
adultforms of the changed generations of Cyclops brevicaudatus in the less

salty ditches exhibit nearly the same relation of body parts, as seen in the

young, immature, pure fresh- water forms of the same species ^ but the ma-
ture individuals of said variety correspond in this point loiih the younger
individuals of the species.

To this I have to refer also the interesting influence of the surround-
ings ui3on the development of specimens of Artemia. The growth of

the specimens of Artemia salina in salt water of high density and at the
same temjierature proceeds at least twice as slow as the growth of speci-

mens of Branchipus ferox in less saline water. Abstractedly from the
fact that the growth of specimens of Artemia salina requires much
time, sexual maturity appears much earlier in proportion to the full de-

velopment of body-parts, than in Branchipus. At a high concentration

1 Consult my iiajjei" in the "Sclirilten" of the Neoriiss. Soc. of Naturalists, vol. iii.

part 2, pp. 32 to 36, aud 74 to 77. Also on the domestication of Cyclopidai, ibidem,

pp. 84 to 93.
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of the salt water, only inhabitable by Artemia, and especially at suffi

cient warmtb, the mature sexual products show themselves already at a
time when the provisional parts of the second, lower antennfe were
scarcely dropped, i. e., when they have not yet left the last larval stage.

Artemia lives a much longer time in the larval state than Branchipus^ indeed
the longer, the higher the concentration of the water for Artemia and
the lower lor Branchipus. Between the fresh-water Branchipidce and
those Artemia} which can still live in a salt-lake self-depositing salt,

there is a relative great difference. Accordingly we must allow that we
can produce, by corresponding domestication of generations of Arte-

mia\ already in their larval stage, but in any case in the last peiiod of

the latter, before the second antenna? have dropped their provisional

parts, sexual maturity. Carl Vogt's observations have shown that the

eyes appear much later in Artemia than in Branchipus,^ and I presume
tiiat this is applicable to those Artemiaj which are in relation to Bran-
chipides, degraded forms of the latter.

I have to mention the circumstance that the concentration of the salt

water vigorously stimulates the multiplication of Artemia. The highest

increase of a given species of Artemia is brought about by a density of

the salt water which is a little higher than that generally assumed as

the mean for this species; therefore under such conditions which hin-

der, to a certain degree, the growth of the individuals and the develop-

ment of their body-parts. On the other hand the most rapid growth
and the i)rogre8sive development of body-parts happen to appear at

such a concentration of the salt water, which is a little below the mean
for a given species, and at which density the x>ropngatiou of the indi-

viduals decreases. In Artemia salina I observed the highest multipli-

cation in a state of nature at a density of the salt water of 10<^ to 12°

Beaume's areometer and with summer temperature; the highest devel-

opments of body-parts I noted at 5° to 7° Beaume, and at the sametem-
l}erature. Between these limits must be the mean density of the salt

water for our Artemia salina; I have also to remark, that the density of

the salt water, together with the temperature, and independently of the

same, influences the growth and the i)ropagation of these animals. It

appears that the parthenogenetic reproduction in Artemia does not only

depend upon the temperature, as in Daphnia, but also upon the density

of the salt water. I observed at least vi^dparous reproduction in Ar-
temia salina in stronger saline water at such a low temperature at which
viviparturition in the same siDCcies does not occur in less saline water,

although it does not hinder viviparturition at a comparatively higher
temperature. In all such cases the quantity of air contained in the

water and dependent upon temperature, as well as upon concentration

of the salt water, plays an important role, regulating many of the func-

tions of life. Perhaps the variability of the concentration of the salt

water yields, in Artemia, one of the main causes of parthenogenesis,

the latter not being yet known to occur in Branchipodidce, inhabiting prin-

cipally fresh water. Density and temperature of the salt water in their

influence upon Artemia are combined in such a manner that, when the

existence of an Artemia-like form in fresh water is possible, the same
can only exist at a nearly summer and possibly high temperature. The
lower the density of the salt water the higher a temperature is re-

quired, if Artemia shall preserve its form at least in its principal char-

acters. In this sense, Branchipus stagnalis, which, according to the

' "Revue scientifiqne de la France et de I'^trang.," 2. series, 1873, No. 27, pp. 632 to

633. Also in "Meeting of Swiss Naturalists" in Freiburg i. s., 1872.
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statements of the authors (Leydig, Claus, Spangenberg) has eight apo-

dous segments of the abdomen, represents in its principal characters an
Artemia-like form; however, it remains to be determined whether this

species is peculiar to summer temperature, of which we have a few inti-

mations. It seems that the dependence of the quantity of air in the
salt water upon its density, beside the mechanical effect of such a water,

forms one of the main factors of the sexual and specific characters of

Arteraia, whose forms are distributed according to the various densities

of the salt water, as the species of a known genus are dispersed ac-

cording to geographical latitudes, or also after their appearance at dif-

ferent seasons (annual species). Moreover, a certain concentration of

the salt water is, probably again in consequence of a certain quantity

of air, in accordance with the physiological processes in Artemia. I

here omit the respiration and the changing of the gill-sacs of Artemia
with the changing of the concentration of the salt water, simply men-
tioning the circumstance, that we most rarely find males with those

lowest degraded forms of our Artemia, bearing the characters of Arte-

mia Ililhausenii, living at the highest density for Artemia, and that, as

we will see, the males of that race of Artemia saliyia (varietas b.) in

salt ditches occur, which are most progressively developed and which
live, in comparison with our other forms, at the lowest density of the

salt water, as will be explained later on.

II.

—

On the Gill-sacs and the Posterior Branchial Lobes in
Artemia and Branchipus.

1 shall speak in this section of the relation of these appendages in

Artemia and Branchipus to their external life conditions. First we
have to agree as to the determination of these parts. The gill-sac in

these forms is called by 0. Claus (in his paper on Branchipus stagnaMs
and Apus cancriformis) "Kiemensackchen"^ (gill-sacklet).

Grube calls it "unterer Branchialanhang'" (lower branchial append-
age).

S. Fischer called it "unterer Branchialsack'" (lower branchial sac).

The posterior branchial lobes are called by Glaus {ihidem) "hinteres
Branchialblatt" (posterior branchial leaf); by Grube, "oberer Branch-
ialanhang" (upper branchial appendage) ; by S. Fischer, " oberer Branch-
ialsack" (upper branchial sac).

The first which demands our attention is that the gill-sacs and poste-

rior branchial lobes in Artemia and the salt-lake Branchipus enlarge in

length and more so in width during the domestication of specimens, or

still more of generations of these forms in salt water ofincreased density.

Specimens of Artemia salina taken from the Chadschibai Lake, show-
ing a density of 9° Eeaum^, I divided into two equal vessels, gradually
diluting the salt water in one of them, but increasing the density of the
salt water in the other. I kept the Avater in both vessels at equal height.

In both vessels were old and young growing specimens. Both jars

stood near to each other and were, with the exception of differently-

concentrated water, as regards temperature and all other influences,

under the same circumstances. The experiment lasted for four weeks,
during which time I daily measured the length and width of the gill-

' "Abliancllungen der koniglicheii Gesellschait der Wissenschaften zn Gottingeu,"
vol. xviii, 1873.

2 " Bemeikungen liber die Phyllopodcn " in "Archiv fUr Naturgescliichte," 1853, p.
141.

3.Mid<lendorf's Sibirische Reise, St. Petersburg, 1851, vol. ii, part 1, p. 151.

31 h
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sacs and the posterior branchial lobes of the domesticated mature speci-

mens of both vessels, measuring also the length of the body, finding also

the ratio between the length and width of these appendages to the length
of the bod,y, inclusive of the furca. The resulting figures gradually in-

creased with the strength of concentration of the salt water in one or

the other vessel in two different directions, the animals showing in the
fourth week of domestication a very considerable difference, which
plainly illustrated the increase of the length, and more so of the width, of
said appendages at a heightened density ofthe salt water, and also the de-

crease of those parts at a reduction of density of the water. Toward the
end of the fourth week the salt water in both jars attained a difference of
10° Beaum6, the gradually-diluted salt water showing then 3° Beaume

;

the salt water of gradually-increased density indicated 13° Beaume.
To compare the size of the gill-sacs and posterior branchial lobes of Ar-
temia salina at decreasing and increasing density of the salt water, in

measuring I searched for figures which indicated which part of the body-
length the length and width of these or those appendages in these or

those specimens formed. During the fourth week of the above-men-
tioned period of domestication I obtained the following figures as aver-

age results in two diverging directions

:

At a decreased density At an increased density
of the salt water

the gill-sacs yielded
in length the 24, 3, in length the 22, 4,

in width the 46, 5 in width the 40, G

part of the entire body-length

;

the posterior branchial lobes yielded
in length the 17, 6, in length the 16, 8,

in width the 38, 9 in width the 34, 9
part of the entire body-length.

I have to remark that toward the end of the period of domestication
the resulting figures in the measurements showed considerable oscilla-

tions. The cause of it is that in salt water of extremely decreased or
extremely increased density the animals soon became so short-lived

that the older individuals, as well as the younger just before or soon
after becoming sexually mature, died. The relation of the body-parts
in such young, though sexually mature individuals, resembles in some
degree the relation of the body-parts in young immature individuals
in another surrounding element, then normal for the species; for we
observe»also a slight retardation of growth in a suddenly produced ex-

treme decrease of the density of the salt water the same as in the in-

crease of the density of the salt water. In insuificiently gradually
diluting the salt water the individuals of Artemia salina die, as it were,
of debility, which cause lies probably in the heightened oxidation in the
organism dependent on the increased quantity of air in diluted salt

water. The highest development of the furca and the greatest number
of its bristles are not incongruous with the lowest density of the salt

water which this species can endure for a longer or shorter time, but it

is congruous with a concentration not much lower than that peculiar to

the species. The more gradual the concentration of the salt water in

the domestication of successive generations of Artemia salina is changed
the more deviates the mean (tor this species) favorable concentration
from that concentration which is the mean for it in free nature.

In comparing Artemia salina with those degraded forms and genera
of this species exhibiting the characters of Artemia milhausenii, living
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at a very great density of the salt water, approaching the natural
deposition of salt, or having attained the latter already, we find a great
difference in the size of the gill-sacs and the posterior branchial lobes,

since the appendages mentioned are considerably larger in the latter

than in Artemia salina. To see this, we compare specimens of Artemia
salina from the Chadschibai Lake at 9° Beaume in the first half of Sep-
tember with the degraded genera of this species^ taken from the Kujal-

netzki salt lake at 24° Beaume, also in the first half of September of

the same year, that is, at very different density of the salt water and at

nearly the same temperature. Hereby we receive iu middle average,

and omitting fractions, the following figures

:

In Artemia salina in Septem- In degraded specimens of Ar-
ber at 9° Beaume

—

temia salina with the char-

acter of Art. milhausenii at
24° Beaum^

—

the gill-sacs yielded

in length the 23, in length the 18,

in width the 44 in width the 28
part of their body-length;

the posterior branchial lobes yielded

in length the 17, in length the 15,

in width the 3G, in width the 24
part of their body-length.

The length of the body of Artemia salina was here taken together

tcith the furcal lohes, exclusive of their terminal bristles, in the same
manner as in the above stated experiment; the body-length of the

specimens with the characters of A. milhausenii to the end of the abdo-
men, as they have no abdominal furca. Since the furcal lobes form a
part of the body of Artemia salina and partake of the nutrition like the

other body-parts, I have not excluded them in my calculations, although,

too, the relations without this furca, which is of inconsiderable length, in

comparing the specimens of this or that species, scarcely vary. I also

add that I took here, as well as in the above stated experiment, the gill-

sacs and posterior branchial lobes of the eighth pair of legs, tlioui«h they
are not the largest in this leg. These appendages in mature specimens
increase in size from the first to the sixth pair of legs, on the following

legs becoming somewhat smaller, without, however, there being much
difference between the sixth and eighth pair of legs. The comparison
in any case loses nothing, as the specimens have been compared after

one and the same pair of legs. I took these appendages from the eighth

pair of legs, coming nearer the mean figure, which would express their

size in all i)airs of legs.

Not less different is also the form of the gill-sacs in the degraded
generations with the character of Artemia milhansenii and in Artemia
salina. For comparison it is better to take the gill-sacs from the mid-

dle pair of legs, as they are of smaller size on the first two or three

pairs of legs, and as if not fullj^ developed, having a somewhat deviat-

ing form in the last pair of legs, gradually broadening towards the end,

becoming in Artemia salina, as well as in specimens with the characters

of A. milhausenii, nearly uniformly rounded. In comparing the gill-sacs

of the middle pairs of legs of Artemia salina and Art. 7nilhausenii we
see that these sacs in Artemia salina are of an elongated form and that

1 Compare my report in the Zeitsctrift f. \riss. Zoologie, 1875, vol. xxv, 1st sup^jle-

mental part.
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the width of the sac nearly amounts to the halfof its length, while they
have an oval form in Art milhcnisenii, the width ofthe bag nearly amount-
ing to two-thirds of its length.^ In long continued domestication in salt

water of gradually increased density 1 obtained, after several successive

generations of Artemia saUna, specimens in which the gill-sacs and
posterior branchial lobes had the same form and size as those of the
specimens with the characters of A. milhausenii, out of the Kujalniker
Lake at 24° Beaume, and in which still other characters appeared
X)eculiar to them in free nature.

It is important that in young individuals of J., salinaina, certain age
the gill-sacs and posterior branchial lobes have nearly the same size

and form as in the mature individuals^ with the characters of Artemia
milhausenii, with the difference that in young individuals directly after

quitting their larval state, and even, also, until they liberate themselves
from the provisional parts of the second antennse, the largest of these
appendages are not on the sixth pair of legs as in the mature forms,

but on the fourth pair. Under the same circumstances under which in

mature specimens of Artemia salina the gill-sacs on the fourth pair of
legs amount in their length to the twenty'-eighth and in their width the
fifty-sixth part of the whole body-length, the gill-sacs in the young
specimens (in the above-mentioned age) of the same pair of legs measure
the seventeenth part of the body-length in length and the twenty-
seventh part in their width ; but at the time at which in mature speci-

mens (at low temperature) of A. salina each gill-sac measured, on the

sixth pair of legs, in its length the twenty-fourth, in its width the forty-

eighth part of the body-length, in young specimens of the above-men-
tioned age each gill-sac of the same pair of legs measured in its length
the nineteenth and in its width the thirtieth part of the entire body-
length. In young individuals of Artemia salina of this age the gill-sacs

of the eighth pair of legs corresponded, together with the posterior

branchial lobes, in form and size with the same appendages of the same
pair of legs in the mature individuals, which have the characters of A.
milhausenii, inhabiting most saline water (about 24° Beaume). In any
case, on the whole, these appendages are, in the young specimens of

A. salina of the stated age, considerably larger than in mature speci-

mens of the same species, being, also, as it must be in the course of de-

velopment, larger ou the anterior pair of legs to the sixth than on the
following pairs. In the young individuals of the age stated the gill-sacs

measure on the third, fourth, and sixth pairs of legs in their mean length
together the eighteenth and in their middle width the twenty-ninth part
of the whole body-length, but in mature specimens of this species and
under the same conditions the gill-sacs of the third, fourth, and sixth

pairs of legs measure in their middle length together only the twenty,
eighth and in their middle width the fifty-sixth part of the body-length-

From the fact that the gill-sacs and posterior branchial lobes of the
young individuals of Artemia salina of the stated age correspond in form
and size with the same appendages in the mature individuals bearing
the characters of A. 7nilhausenii, we can infer that the latter is a gener-

ation of A. salina retarded in its development in consequence of the ap-

pearance of sexual maturity before the full development of the parts of

the body. However, such an interence would be but partially true.

The individuals with the characters of A. 7nilhausenii not only exhibit

retarded development under the influence of their surroundings, but
they are also the result of the demand of the same element—the result

1 Consult my report in Zeitschrift f. w. Zoologie, 1875, voL xxv, 1st suppl. part,

Tab. VI, figs. 7 and 8.
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of the influence of the organism upon the surrounding element. The
hightening of the density of the salt water is naturally accompanied by
a decrease of aeration in such a water, but this decrease again must
produce in Artemia an enlargement of the breathing surface, i. e., the
surface of the gill-sacs. Concerning the posterior branchial lobes, they
(partly also the gill-sacs) have to enlarge themselves in water of high
density as auxilliary organs of locomotion, perhaps they also serve as
auxilliary organs in respiration, especially in Artemia, wherein the pos-

terior branchial lobes are marked out for their greater tenderness, than
generally in Branchipus, in which they often are margined with tooth-

like spines or little-developed bristles, being, as it were, the beginning
ot bristles and spines developed on the other branchipeds.
According to Leydig's view the gill-sacs of Artemia and Branchipus

do not serve as special respiration organs; but the investigation of
Claus^ and Spangenberg^ make it in the highest degree probable that
the inference that the gill-sacs, but not the posterior branchial lobes,

are not special respiration organs, is a proper one. Such a conclusion
will also be made by the consideration of these appendages in their re-

lation to the surrounding element, under which latter I not only mean
the density of the salt water, but also the temperature ; toward the latter

the gill-sacs are especially sensitive in a high degree, as we shall see
further on.

From such a great sensibility of these appendages toward the sur-

rounding element, we must assume that they have a considerable size

in specimens with the characters of Artemia milliaiisenii^ not only owing
to retained growth of A. salina^ whose younger specimens have larger
appendages, but also in consequence of tlieir accession^ owing to aug-
mentation of thsir mass, due to the surrounding element, owing to the
high density of the salt water. The fact serves as a proof that, in com-
paring young individuals of Art. milhausenii with individuals of Art.
salina of the same age, we find the appendages in the former of con-
siderably larger size. Only a much earlier state of growth of Art. salina
relatively agrees with the later state of age of those individuals, bearing
the chanicters of Art. milhausenii, inhabiting salt water of much higher
density than Arfsmia salina. Beside the interesting changes occurring
during the course of development of generations inlluenced in a known
manner by the surrounding element, we here observe an accession and,
as it were, an accumulation of mass in the known parts reacting upon
the element and developing according to the demands of this element.
I call this a direct influence of the surrounding element, and moreover
such an influence, toward which the organism keeps active, and 1 dis-

tinguish it from another likewise direct influence of the same element,
toward which the organism, so to speak, passively submits. As an ex-
ample of this latter influence, I mention the retrograde development of
the abdominal furca of Art. salina in salt water of high density, whereby
the furca becomes as if atrophied, and, indeed, independently of the
sexual maturity in specimens, appearing earlier than the full develop-
ment of the body-parts. That influence of the element upon which de-
pends the change of form, owing to the changed point of appearance of
sexual maturity, I call the immediate influence of the surrounding
element upon the organism. In Artemia, and also to some degree in

1 "Zur Keuntniss des Baues und der EntTv-ickliiDg von Branchipus stagnalis und
Apus cancriformis." In tlie " Abliandlungen K. Ges. der Wissenscli. zu Gottiugen."
Vol. XVIII, 1873, p. 19.

" "Zur Kenutniss von Branchipus stagnalls." Zeitschrift f. w. Z., vol. xxv, 1st
supplemental part, pp. 23 and 37.
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other species of crustaceans examined by me, we can observe all these
nidditications of the influence of the surroundiugs upon the otganism.
The formation and full develo])meut of the gill-sacs and posterior

branchial lobes depend in Artemia and Branchipus not only on the
salt-quantity of the water, but also on its temperattire ; since hy a low-

ering of iemperatiire the size of the gill-sacs decreases, by a heightening
of the temperature they enlarge. 1 do not possess suliicient measure-
ments concerning the posterior branchial lohes by which I could attest

with correct figures the change of these appendages by temperature,
although I obtained unmistakeable results, according to which they,

contrary to the gill-sacs, but in a less degree, enlarge hy lowering the

temperature. Putting temporaiily the posterior branchial lobes aside,

I shall treat of tlie gill sacs only.

In measuring the gill-sacs in specimens of Artemia salina^ gathered
in the first half of September out of the Chadscliibai Lake, I was sur-

prised at the figures obtained by the relatfou of their size to the length
of the body, deviating tar from the, figures received in measuring the
summer-forms, although the density of the salt water in the lake was but
little lessened. Later in the fall, the specimens of Art. salina collected

out of the Kujalniker Lake, at a density of the salt water of 13° Beaume,
had even a little smaller gill sacs than the specimens collected in sum-
mer at 9° Beaume, from the Chadschibai Lake. Subsequently, 1 di-

vided the young and old specimens taken from the Kujalniker Lake
at a density of 13° Beaumue into two sections and domesticated one
section at an average temperature of 14° [Eeaumur?] the other section

at an average of temperature of 7°+ Eeaumur. A considerable differ-

ence showed itself after two weeks, those individuals living at a lower
temperature, but kept by me at a uniform concentration in both jars,

had their gill-sacs, especially in width, considerably smaller. In indi-

viduals living in higher temi>erature, each gill-sac on the eighth pair of
legs on the average amounted to the twenty-second part in length and
the forty-second part in width of the whole body-length ; in individuals

living at a lower temperature the gill-sac of the same i^air of legs gave the
twenty-fifth in length and the fiftieth part in width of the body-length.

It seems that temperature has upon the gill-sacs a more vigorous effect

than the concentration of the salt v;ater ; on the other hand, the density
of the salt water has a stronger intiuence on the posterior branchial
lobes. The circumstance is herebj' illustrated, that in the first, red
variety of A. salina (varietas «, description farther on), the gill-sacs are
smaller, but the posterior branchial lobes are larger than in A. salina.

Not to mention so many figures, I point to the width of these ai)pend-
ages, since in these forms they differ in length little from each other.

In measuring the specimens of A. salina at a density of 13° Beaume,
and the specimens of the first, red variety at a density of 10° Beaume,
at one and the same (moderately low) temperature, I found thr.t the
width of the gill-sacs of the eighth pair of legs in A. salina was the
thirteenth, but in the stated variety it was the forty-ninth part of the
body length, and that in A. salina the width of the posterior branchial
lobes was the thirty-fifth, but in the red variety it amounted to the
thirty-second part of the whole body-length. In this manner, besides
the fact that the specimens of this variety were collected at a higher
density of salt water than the specimens of J., salina, their gill-sacs are
nevertbeless smaller than in the latter; but the i)osterior branchial
lobes are larger in the variety than in its species, this corresponding
already with the larger quantity of salt contained in the water. Such
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a plienomenon is only explicable by the fact, that in a state of nature, on
the average, a lotcer temj^erature is, togetlier witli a higher density of the

salt icater than with A. salina, peculiar to the first variety of A. salina

(varietas a). The gill-sacs, as special organs of respiration, must become
smaller by a lower temperature, whilst the posterior branchial lobes, as
the auxiliary organs of locomotion, must enlarge by the greater density
of the water dependant on the lower temperature and the higher con-
centration. But since the density of the salt water depends more on
its concentration than on temperature, it is obvious why, by domestica-
tion of Artemia, we observe more changes in the posterior branchial
lobes by the concentration of the salt water than by temiDerature.
The first ofthese varieties ofA. salina (varietas «.) corresponds amongst

our forms of Branchipus mostly with the species Branchipus s^nnosns

Milne-Edw., according to the relation of the gill-sac and posterior
branchial lobes and some other characters, together Avith the element
which it inhabits. Branchipus spinosus is characterized among our
forms of Branchipus in a similar manner as the first variety of A. salina,

and A. salina by small gill-sacs and large posterior branchial lobes,

only herein Branchipus spinosus is the difference in size of these append-
ages considerably larger. Such a phenomenon also fully corresponds
with that element which Branchipus spinosus among our salt-water forms
of Branchipus princijDally inhabits. It lives, in comparison with our
other Branchipus forms, in a lower temperature, but at a higher con-
centration of the water. Especially in younger age and at a certain

time the gill-sacs and posterior branchial lobes much resemble the ap-

I)eudages of the mature specimens of the stated variety of A. salina

(varietas a.), and altogether in younger age of the specimens of Branch-
ijius there is a certain period when their leg-appendages in measure-
ments more approach the appendages of the mature forms of Artemia
than the appendages of matuie forms of the same species of Branchi])us.
For comparison we take mature individuals of Branchipus spinosus and
young individuals of this species, some time after they quitted their

larval state, when the section between the eighth and ninth aj)odous
segments of the abdomen has scarcely just been formed, and the furca
is still two or two and a half times shorter than the section consisting
of the two last segments of the abdomen, and which is homologous with
the last (eighth apodons) segment of the abdomen in Artemia. In the
mature Branchipus spinosus the furca equals the section consisting of

the last two aj)odous segments. We obtain the following proportions

:

In the old specimens of In the young specimens of

Branch, spinosus— Branch, spinosus—
the giU-sacs amounted

in leng-th the 40, in length the 24,

in width the 118 in width the 61st

part of the w^hole body-length

;

the posterior branchial lobes amounted
in length the 19, in length the 16,

in width the 37 in width the 28th

part of the whole body-length.

The first variety of A. salina {vnvietas a.) is in relation to this,

especially concerning the gill-sacs, between the species A. salina and
the young specimens of Branchipus spinosus. I only kept the figure

of the measurement of varietas a. of A. salina at such a salt caijacity
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of the water, at which it (the variety a.) forms the transition to the cor-

responding variety of A. milhausenii, that is, at 15°, 1G°, and 18° con-

centration after Beauui(3's instrument. In concluding, it results that at

such a concentration of the salt water, at which the above stated meas-
urements of A. salina showed themselves, i. e., at 9° Beaume, and the
temperature of the month of September, we must obtain the following

figures for this race

:

The gill-sacs The posterior branchial lobes

must amount in their length
the 25th, . the 16, 5th,

in their width
the 52d the 34th

part of the whole body-length.

The variety Branchipus ferox, hereabouts living in salt water ditches,

and to which is peculiar a lesser concentration of the salt water, how-
ever at a higher temperature than that peculiar to the species Branchipus
s2nnosus, yields the following figures, in relation to the gill-sacs and
posterior branchial lobes

:

The gill-sacs The posterior branchial lobes

amount in length to

the 24th, the 20th,

in width
the 5Cth the 43d

-part of the whole body-length.

The variety BranoM/pus ferox (from salt-water ditches) is, in its leg-

ai)pendages and according to the element which it inhabits, in propor-

tion to Artemia salina as Branchipus spinosus is to varietas a. of A. salina.

Especially those generations of A. salina which live in salt-water ditches

of about 4° Beaume, or the generations of the second variety of A. sa-

lina (varietas b.) are in relation to gill-sacs and posterior branchial lobes

and some other characters, also in the element in which they live nearer

the salt-lake generations (from salt-water ditches) of Branchipus ferox
(varietas). I must add here that the legs themselves are longer in

Branchipus ferox var. and in A. salina than in Branchipus spinosus and
in A. salina varietas a., and that only on this account the posterior

branchial lobes of the forms of the one or the other category relative to

length have no great diiferences. But the length of the legs corre-

sponds with that temperature and with that concentration of the salt

water which is peculiar to each of these forms.^

Ooncerning Branchipus medius mihi, we can nevertheless recognize

abstractedly from the point that it forms a too isolated species in its

characters and in the relation-figures of its gill-sacs and posterior bran-

chial lobes, the result of the effect of the element in which it is dis-

tributed, as 1 have mentioned in the description of this species.^

The knowledge of the effoct of the surrounding element uj^on the gill-

sacs and the posterior branchial lobes in these animals is important
because the differences of size between these appendages, according

to authors (Milne-Edwards, S. Fischer, Grube), represent no important
species-characters.

It is here the place to add a few remarks which show how far the

life of A. salina depends on the air-capacity (actually the oxygen of the

1 Consult any paper in tlio *'Schriften der Neurussiaclien Gesellschaft der Natur-
forscher," 1875, vol. iii, 2d part, pp. 297 to COO.

^Ibidtm, pp. 305 to 313
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air) of the salt water. By changing the air-capacitj" of the salt water
by a changed concentration of the water, we can at least explain a num-
ber of interesting phenomena in the life of Artemia.

1. If we in certain limits dilute the salt water too much in domesti-

cating Artemia, then the animals become, by the too much reduced con-

centration of the salt water, transparent, attenuated, their intestinal canal

empties and becouies translucent, the gill-sacs often blacken, and the

animals will die at the bottom of the jar, as it were, of debility. But if

we in time notice at the excessive dilution of the salt water the eickuess

of the animals, and if we, instead of augmenting the concentration of

the salt water, heighten its temperature a few degrees, the diseased

animals will become animated, the intestinal canal fills itself, the mo-
tions become more rapid, the animals leave the bottom of the jar, doing
well in such diluted salt water at a corresponding higher temperature.

It seems tome that such a temperature supplants the superiluous air of the

diluted salt water, which in the organism of the animals produced a too

great oxidation, leading to weakness, during which the nutritive sub-

stances could not replace the consumption. If by too strongly diluting

the saltwater the Artemia is consumptive, on account of want of nour-

ishment, owing to the dying off of those microscopic organisms on which
Artemia lives, these animals would not have revived so soon after a cor-

responding increase of temperature. Moreover, microscopic organisms
appear in the diluted salt water in great number, even Infusoria, while

Joly ^ observed that ArtemiaB are omnivorous, and that they principally

live on the lowest organisms of the vegetable kingdom peculiar to the

salt lakes, such as various forms of Chlamidomonas, zoospores of Clado-

l)hora, &c.
2. If we, in domesticating Artemia, excessively increase the conceijtra-

tion of the ^^alt water and not suflflciently gradually, its alimentary canal

becomes solidly constipated, the animals keep nearer the surface of the

water and die there, especially during exuviation, which is hereby just

as difiScult to overcome as in too much diluted salt water. However, if

we in time in this case lower the temperature, instead of diluting the

salt water, the animals, even at a too high concentration of the salt

water, revive, doing well in such a water with, to a certain degree, low-

ered temperature. It seems to me that in this case such a combination

of high concentration and temperature is formed, bearing to the equi-

librium of aeration in the water, i. e., the quantity of air in the salt water
is lessened by the increase of its concentration for just so much, as it is,

according to physical laws, heightened by lowering the temperature. A
want of nourishment in very saline water is here out of question, since

such a water is inhabited by immense numbers of simple organisms,

and even at a concentration, allowing self-deposit of salt, great quanti-

ties of a red Monad occur, which is known under the name of Monas
dunalii Joly {Diselmis dunalii Dujardin= Chlamidomonas dunalii Eaben-
horst).

3. If we gather out of a salt lake the adult Artemise, together with

their larvse, and dilute the salt water to excess, then the larvae will soon

expire, while the adult individuals long after resist the dilution of the

salt water. It appears that the larvae of Artemia die faster in too

strongly diluted salt water, because the small stock of material in the

organism is not sufficient toward the intense oxydation in consequence

of an excess of oxygen in such a water.

4. In a broad jar and at a low surface of water these animals also

1 Joly, Sur TArtemia salina. Annales des sciences naturelles, vol. xiii, Zoologie, pp.
246 and 255.
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prosper in such non-diluted salt water, which was taken from the salt

lake at a middle concentration peculiar for this species {Artemia salina)^

but thej^ do not prosper so well in a narrower jar with higher water-sur-

face, as they soon die in such a water. In the same narrow vessel and
at the same high water-level these animals will still ])rosper if the salt

water is i)roi)ortionally diluted. In this latter case the animals are so

circumstanced, as in more saline water in the broader jar with lower
water-level. The diluted water contains more air, it being more jjene-

trable and betler adapted for gas exchanges.
5. Accepting the lact that the water in a salt lake at a given time

shows 10° Beaume, and that it is populated with crustaceans of the

genus Artemia, if we now take two equal vessels, placing in one of them
water of this salt lake and a certain number of specimens of one genus of

these crustaceans, and ])lacing in the other jar specimens of the same
animals out of the same salt lake, diluting the salt water to 1° or (P

Beaum6, a large number of animals will die in the first vessel under
the same conditions, while keeping up the initial concentration of tlie

water, but in tlie second vessel the majority of the animals will remain
alive. In tlie second case, that quantity of air is as if restored, which
is wanting in the first, apparently by the influence of the vessel itself,

as the water in the vessel is under different conditions from that iu the

salt lake. This is all the more so the case with a summer-like temj)era-

ture.

6. The animals prosper also in a non-diluted salt water better at a
temperature lowered to a certain degree than at a higher temperature,

yet they do much better in diluted salt water, when the concentration

of the salt water has not been reduced above a certain degree.

7. Finally, the enlargement of the surface of the gill-sacs in Artemia
with the increase of concentration of the salt water proves, as mentioned
already above, apparently the dependence of Artemia in this relation

principally on the reduction of air-capacity of such a water, even if the

giU-sacs, according to their location and formation, as it were, in these

animals represent modified organs of locomotion. It remains for the

physicists to determine how considerable is the solubility (the coeificient

of assumption or of capacity) of the oxygen of the air in salt water- when
the variation of its concentration varies. In relation to this I can find no
accurate data.

III.

—

The genera Artemia atmd Branchipus, and the relation
OF SOME OF THEIR SPECIES TO THE SURROUNDING ELEMENTS.

In the whole order of Piiyllopoda the species of the genera Artemia
and Branchipus are apparently those which are most sensitive to the

intiuence of the surrounding element, in such a sense that a modifica-

tion of the surrounding element is capable of producing in their genera-

tions in a pretty short time visible mutations in their forms. A change
of the surrounding element can even in one and the same generation

produce such a variation of some parts of the body that it is difficult,

in a state of nature, to immediately distinguish those forms which are

most closely allied to each other. The species of these genera have
been found by me mostly in salt lakes and salt ditches (Artemia exclu-

sively), whereby they distribute themselves in such a manner that each

species is peculiar to a certain concentration, and the change of this con-

centration in artificially domesticating their generations produces a

change of form in the direction towards the next species or race which
lives in another concentration of salt water, toward which side the
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change of conceDtration in the artificial domestication yielded. The
temperature hereby co-operates with the concentration of the water.
Eclating to this, the forms of the genus Artemia deserve special atten-

tion.

1.

—

Artemia salina Milne-Edicards.

This species occurs here in the closed Chadschibai and Kujalnitzki
Lake and in the salt-water ditches. It sustains a fluctuation easily

noted in the variation of body-parts, and in its growth at a fluctuation

of the concentration of the salt water from 5° to 12° Beaume, in which
limits it was found by me in the water basins. At a concentration of tlie

salt water which is higher than 12° (and still more than 15°) Beaume,
our Artemia salhia commences in its generations to exhibit transitory

forms towards Artemia milhausenii Milne-Edw., the latter living by a
far greater concentration of the salt water than Artemia salina., that is,

at self-deposition of salt or not far from it, i. e., at 24° and 25^ Beaume,
To the description of Artemia salina given by the authors we have to

say, that the representation of characters of this species, as altogether

of the whole genus Arteinia in the present time, is very inexact and
vague. Firstly, we find mentioned that Artemia possesses but six

terminal segments, while there are eight, since we have to count also

these two first apodous segments of the posterior part of the body, on
which, in the species of Artemia-genera, the external genitals occur.

Grube,^ in making of Artemia a section or a sub-genus of the genus
Branchipus, repeats the mistake of his predecessors, saying, in the dia-

gnosis of the group Artemia '•'- segmentis apocHbus sex^ Only in Artemia
milhausenii., which lives at a very high concentration of the saltwater, are
the articulations between the segments, especially between the more j^os-

terior ones, some what less distinct; but we can nevertheless, at least in

specimens bearing the characters of this species from our districts (also

from the Krimea), always distinguish them, especially in fresh raaterial

which has not been preserved in weak alcohol for a long time. In the lat-

ter case, even in Artemia salina., only with difficulty can we see the articu-

lations of the abdomen. If in any region Artemia milhausenii occurs
with connate, apodous segments, be it in some or all specimens, then it

is very likely that we, even in such an Artemia, cannot count six apo-

dous segments. Secondly, it has been considered hitherto as the prin-

cipal characters of the genus Artemia, that in the species of this genus
the abdomen ends with a short furca, whose branches are bristles only
on the end, and such a diagnosis of the genus Artemia we discover even
in the very latest zoological hand-book. Grube^ repeats in the diagnosis

of his group Artemia in the genus Branchipus the characteristics of the

genus Artemia of his predecessors, in saying : Appendicibus caudalibus
brevibus, ajyice tantum setosis aut nullis. Our Artemia and two of its

varieties, which I shall mention later on, have the bristles not only on
the end but also on the sides of the furcal lobes, just as in the species of

Branchipus, which usually only have more bristles. Besides the Arte-

mia salina from the district of Odessa I have the same distribution of

bristles on the furca in specimensof this species brought from the neigh-

borhood of Astrachan and the Krimea. We have here dry years with
a hot summer where the concentration of the salt water in the Chad-
schibai Lake is too high for Artemia salina. Then many specimens of

this species have, especially in summer, bristles ouly on the end of the

1 " Bemerknngen iiber die Pliyllopoden" in ''Archiv fiir Naturgescbiclite," 1853, p.

139.
2 Opus citatum, ibidem.
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furca, the furca being at the same time shorter and less bristled, as un-
der opposite physical conditions. If we compare the descriptions and
illustrations of Artemia salina of the various authors, we find that they
agree less among themselves than they do compiled from specimens of
Artemia salina^ or taken from the descrixitions of specimens gathered
under various physical conditions, that is, at various concentrations in
combination with temi)erature. Milne-Edwards^ says: That on each
furcal lobe in Artemia salina occur three or four bristles, while Grube^
Btates, in his diagnosis, that 5 to 8 bristles occur on each farcal lobe.

We find in Artemia salina from our district, under vatious behavior of
the surroundings, on each lobe of the furca 4 to 12 bristles, seldom more.
In the third form, living in salt ditches in the neighborhood of Odessa
and the Krimea, we find 12 to 22 bristles on each lobe of the pretty-

well developed furca. I take the latter form to be another variety or
race of Artetnia salina, though it obviously originated from generations
of this species with progressive development under the influence of salt-

water ditches, having a lower saline capacity than the salt lakes, popu-
lated with Artemia salina. In those cases, where in our Artemia are
more than five or six bristles on each lobe of the furca, the bristles are
distributed not only near the end but also on the sides of the furcal

lobes. The specimens of Artemia from the very saline Kujalnitzki Lake,
having but three, two, one btistles on the end of the furcal lobes, or
lacking them altogether, in the latter case having a very slightly de-

veloped furca, with the other parts modified ; those I take to be tran-

sitory forms hetween Art. milhausenii and Art. salina; altogether the
distribution of bristles on the furca, the number of bristles, and the
shortness of the furca itself can not serve as an important distinctive

character between the genera Artemia and Branchipus, and much less

so as a point of distinction between the species of Artemi^e.
In Artemia salina, as one of the most constant points of distinction,

we observe the termination of the superior antennae or autennce of the
first pair. The upper antenna here terminates with two protuberances
or ijapillse of the form of a truncated cone, one of which is somewhat
stouter than the other. At the terminus of the stouter, broader cone,

we notice three moderately short spines, only one of which can be seen
on the terminus of the thinner cone. Each spine is a li tie curved,
having at its base a quadrate, yellowish, light-refracting body. These
four spines are the olfactory bristles of these animals. Immediately
under the terminus of the upper antenna, near the end of its ui^per

surface, arise three moderately long and usually curved bristles.

Beside the mentioned terminations of the upi^er antennae we have to

complete the description of Artemia salina by the following characters.

In Artemia the posterior part of the bodj" consists of eight apodous seg-

ments, the first two of which bear the external genital organs, but
the last eighth segment is twice as long as the ])receding, being homo-
logous to the two last apodous segments of the Branchipodes. The
furca in Artemia salina is of very variable length. In our Odessa A.
salina the furca is on the average six times shorter than the prolonged
last abdominal segment. The bristles of the furca are also of very
variable number. We notice in our Artemia salina on each lobe of the
furca from four to twelve bristles, which are not only near the end of

the lobes, but for the greater part distributed along their sides, at least

if there are more than four or six bristles on each lobe. Toward autumn
at a lowering of temperature and dilution of the salt water of the Chad-

1 Histoire naturelle ties crnstac^es, Vol. Ill, p. 370.
»" Bemerkunken iiber die PhyUopodeu," Arch. f. Nat. 1853, p. 144.
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schibai Lake hj rain, the furca becomes in the late generations longer
and the number of bristles greater, since under these conditions the
growth of Artemia salina is less retained and the sexual maturity ap-
pears not so early, that is, not earlier than the complete development
of the body-parts, which, however, is not so well defined in this species,
being, as it were, but a relative matter. Also the termination of the
upper auteunfe, being the most constant character of this species, modi-
fies to a certain degree. For instance, I found in the autumn of one
year, at low temperature and diluted salt water of the Chadschibai
Lake, in many individuals of A. salina near the end of the upper an-
t-ennee five olfactory bristles, instead of the normal number of four. In
domesticated generations of this species in-gradually diluted salt water
we perceive also five olfactory bristles on the upper antennae. With
the distinctive characters of A. salina we have also to include the form
of the gill-sacs. They are in A. salina of an elongate form, their width
being on the average twice less than their length. This character dis-

tinguishes A. salina from A. mllhausenii, in which the gill-sacs are of
oval or more rounded form, being on the average two-thirds as wide as
long.

As another important point of distinction of A. salina from the nearest
allied races, I mention the proportional size of the posterior part of the
body constituting the apodous segments; the anterior part from the
beginning of the head to the end of the last leg-bearing segment, i. e.,

to the beginning of the first apodous segment and the posterior part of
the body, from the beginning of the first apodous segment to the end
of the last segment before the beginning of the furca. The furca does
not come into account, as its length is variable, being for instance in

A. milhaiiscnii, with which the other forms must relatively also be com-
pared, entirely missing. We find that in A. salina the anterior part of
the body is somewhat shorter than the posterior; proportionate to it

as five to six or as five to seven. This relation of the parts also depends
upon the concentration of the salt water in which these generations
live. In reduced concentration the posterior part has an inferior size

than in the higher concentration. Altogether the postabdomen of A.
salina becomes longer and more slender with increased concentration.
In many of our specimens with the character ofA. milhatisenii, which live

at self-deposition of salt or nearly so, the anterior part of the body is

twice shorter then the posterior part.

To the most variable characters of A. salina we must reckon that
reddish layer which lines the anterior part of the alimentary canal in

the shape of a tube, which layer Joly^ calls the liver, and Leydig ^ the
stomach, as he separates it from the following part, the alimentary canal
to the anal orifice. For better distinction I shall call the anterior part
the stomach i)art of the tract, the second, the posterior part? The
stomach part of the tract terminates in Artemia about in the middle of
the seventh apodous segment, but the length of this part depends upon
the concentration of the salt water inhabited by the generations of this

species, and i>artly also from the growth (age) of the specimens. At
high salt capacity of the water this part of the tract does not reach to

the end of the sixth apodous segment of the abdomen; at lower salt

' "Snr 1'Artemia salina" in Annales des Sciences nat. 1840, pp. 238 to 239.
2 F. Leydig, "Ueber Artemia salina und Brancliipus stagnalis," Zeitschriffc f. -v^-. Z.

1851, pp. 283 to 2154.

3 The first part of the tract Clans calls "Magendarm," the second part, the "End-
Dann" in his "Znr Kenntniss des Banes und der Entwicklung von Branchipua stag-
nalis und Apus cancriformis," 1. c, as above.
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capacity of the water, but especially in autumn, it exceeds by far the
beginning of the eighth abdominal segment. Likewise this part is

longer in old individuals than in poiing^ otherwise sexually mature speci-

mens. If we examine, relative to this, specimens on the extreme concen-
tration-limits of the salt water, we find a great difference amongst them.
In A. milhaiisenii the stomach part of the tract scarcely reaches to the
beginning of the sixth apodous segment, but in our species of Branchi-
pus this part terminates not far from the anal orifice.

Finally, we must mention as a character of our A. salina the following

:

The claspers, or the lower antennae in the males, are much broadened
on their second joint, having such a form as the male claspers of A. ari-

etina, according to a drawing of S. Fischer.^

On the anterior part of the male claspers, between the head and the
protuberances, serving to clasp the female with, near the bent-down
margin, there are two groups of ten-pin-shaped teeth or spines, in one
group on each side. It appears that these denticulate groups corre-

spond as rudiments of the well-known appendages, occurring on the
claspers of many species of Branchipus, as for instance in BrancJiipus

spinosns. Such bundles of teeth or spines occur also in that form of
Artemia examined by Ulianin from Sebastopoiis, and which was re-

garded by him as a race of Branchipus arietinus Grube (= variety of
A-) t. arietina Fischer).

Artemia salina Milne-Edw. varietas a.—This form, called by me Arte-

mia salina var. a., approaches the species Artemia salina so much that,

beside its larger size, no other distinct characters exist by which we, with
the general variability of so many characteristic points of the Artemi£e
of this species, could distinguish the same. However, if we have speci-

mens before our eyes of this or that form, we must confess that we have
to do with forms differing so much that we even could regard them as
diflerent species of the genus Artemia.
A view of profound truth has been expressed already in 1871, by

Professor C. Th. A^on Siebold, on the comparison of descriptions of Ar-
temia salina ot various authors. Siebold says •? " In comparing the vari-

ous descrijjtions and illustrations given of Artemia salina., we become
convinced that probably with this species-name entirely different species

or races were marked out, and therefore a revision of the species of the
genus Artemia by carcinologists would be recommendable, though this,

however, would necessitate a comparison of vast material, especially as

the hitherto insufficient diagnoses of the species of Artemise, without
reference to the characteristic formation of the male heads, have been
compiled." Further on Professor Siebold, in perusing the descriptions

of the second antennae of the males in Artemia salina and that of the
])ostabdomen of this species, foresaw what is now actuallj^ corrobo-

rated. I find two principal races of Artemia salina, one of which is of
smaller size, the Artemia salina, but the other is Artemia salina varietas

a., and there are, besides, still other changes of its generations depend-
ing on various concentrations of the salt water, including also those

degraded and modified generations of the tico races of Artemia salina,

wliich are, as I suppose, recorded in zoological literature under the name
of the species of Artemia milhausenii.

The main distinctions of the variety a. of the species Art. salina

forms another mean length of it. Accepting as the mean length of
Artemia salina six lines, we must accept eight lines of French foot for

' Middendorf's sibirische Reise. St. Petersburg, 1851, Vol. II, 1st part. Table VII,

fig. 32.
2 " Beitriige zur Parthenogenesis der Arthropoden." Leipzig, 1871, p. 203.
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tho mean length of Artemia salina var. a. As a rule the specimens of
this variety are two lines or nearly so larger than the specimens of the
species.^

With the mean size as a point of distinction, the fact may serve to
show that the posterior part of the body in this variety from the begin-
ning of the first apodous segment to the end is somewhat longer than
in the normal species. The anterior part of the body in Artemia salvia

is in x)roportion to the posterior part in most cases as 5 to 6 (or 5 to 7

in higher concentration of the water), but in this variety usually as 5
to 8, slightly fluctuating to this or that side in different salt capacity of

the water. The postabdomen in this variety is not only longer, but
also slenderer than in the normal species.

The furca is longer in the variety than in the species, and the number
of bristles on the furca is also greater in the variety. If the furca in the
species is six times shorter than the last prolonged segment of the ab-

domen, then it is but four times shorter than that segment in the race.

But we also meet with specimens of the species with such a proportion
of the furca to the last segment, as in this variety, and again we see
furcal lobes in specimens of the variety with the same proportion to the
last segment as in the normal species. In Artemia salina, occur from 4
to 12 bristles on each lobe of the furca, rarely more ; in the variety a.

of Artemia salina there are from 8 to 15, but seldom more. In this

race, as well as in the species, we find however also less than four
bristles on each furcal lobe ; there occur three, two, and one bristle on
each lobe, especially in more concentrated water; but such sp<^cimens

and generations must, by modifications of other structures, be regarded
as transitory forms between Art salina and A. millbausenii.

The claspers or second antennae of the males of the variety are less

hroad than in the males of the normal species. The grouiJs of spines or

teeth on the anterior part of the claspers, near their base, are some-
what better developed in the males of the variety than in the males of
the species A. salina. The second antennae of the females of this race
are a little smaller and narrower than in the normal species, just as the
male claspers are narrower than in the species.

The specimens of the variety a. of Artemia salina are of a far darker
red color than the specimens of the species, although there occur also
specimens with the same color amongst the latter. The variety a. of
A. salina is usuallj^ of a red color, and is found here in the Kujalnitzki
salt lake, but Art. salina is usually of a grayish or reddish-gray color,

occurring principally in the Ohadschibai salt lake, in Avhich occur also

specimens of red color,^ which represent, as it were, the points of aber-
ration of the species toward its race (var. «.).

In the variety a. of Artemia salina the gill- sacs are a little smaller;
the posterior branchial lobes, on the other hand, a little larger than in

the normal species. According to the other structures, it does not
differ from the species Artemia salina; and all that was said relative to

the influence of the surrounding element about the species refers also

to the variety a. of A. salina.

All the characters of this variety correspond with the circumstance
that specimens of them, in comparison with the specimens of the spe-

cies, prosper better at a higher concentration of salt water, but at a
lower temperature.

' The specimens of the species are about 14""^ length, the specimens of this variety
17 or 18™™. The summer generations are in one, as well as in the other for)n, a little

smaller than the fall generations.
2 The Kujalnitzki Lake has more saline water than the Ohadschibai Lake.
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Important for my purposes is the following remark of Dr. Nitsclie

concerning BrancMpus Gruhii (von Dybowski) from the neighborhood
of Leipzig: "Further on it exhibited the remarkable circumstance that
two races of this species occurred: a larger one about 20 to 22"^°^ long,
and a smaller one about IS'"'" long. These lived in various ditches, and
those inhabited by the larger race contained far less specimens than
those inhabited by the smaller race."^ The existence of two races of
different sizes of Branchijjus Gruhii and the circumstance that the
specimens of these races lived in different ditches is of importance. It

would be interesting to learn 2 whether this "ratio quantitatis" between
two races occurs at any time of the year (which I do not accept). In-

formation about this latter point would especially be of value, whether
the specimens of these two races occurred together in one and the same
ditch.

Artemia salina Milne-Edw. varietas 6., like variety «., in reference to

the species, represents, so to speak, another branch of the middle radi-

cal form, from which it, together with the normal species, originated in

the distribution of generations in a modified element; this second variety
(var. h.) rei)resents in its distribution in an element of lesser concen-
tration of the salt water the progressively developed generations of the
species itself.

Yariety b. occurs in salt ditches near Odessa and Sebastopolis. In
salt ditches near Odessa I found it at a concentration of 4P Beaum6,
while at the same time in the other salt ditches of higher concentration
specimens of A. salina occurred.
The length of the specimens of variety h. scarcely differs from the

length of specimens of the normal species ; its postabdomen, however, is

shorter and stouter than in the species ; the furea is by far longer and more
bristled than in the normal species. The postabdomen (exclusive of the
furca) is in this race also a little shorter than the anterior part of the
body, at least in the young, though sexually mature specimens, while
the same somewhat elongates with age. As the i)osterior part of the
body elongates with the growth of the specimens to mature and old
age, and likewise in heightening the concentration of the salt water, we
can presume that it is in A. salina var. h. either shorter than the ante-
rior part, or equals it, or is scarcely longer than the same, while in the
species A. salina the posterior part of the body is considerably longer
than the anterior.^ Only in the young specimens of the species itself,

some time before becoming sexually mature, the posterior part of the
body is still shorter than the anterior. In any case, such a character
cannot sharply demarcate this variety from the normal species. There are
other characters by which we can distinguish them. The furca of the
variety b. does not show any simple conical protuberances at the end of
the abdomen like two prolongations of the same, but real—even if not
segmented from the end of the abdomen, but only by a transverse,

easily noticed ring, separated at the sides from its base—divided furcal

lobes. They are rather large and more developed than in other forms
of Artemise. They have the shape of lancet-like x^lates, tapering

ipl. Nitsclie: "Ueber die Geschleclitsorgaiie von BrancMpus Grubii (von Dyb.)."
Zeitsclirifr, f. w. Z., vol. xxv, p. 281.

^From Dr. Nitsche we cannot expect to hear all the singularities referred to the
race of Bravchipus Grubei. Especially inquiring into the structures of the sexual organs
of Branch. Grubii, which formed the topic of his dissertation, Nitsche sufficiently

pointed out the existence of two races of Br. Grubii, calling it a remarkable circum-
stance.
*Tbe postabdomen is on the average longer and slenderer in the species of Artemia

than in those of Jirauchipus.
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toward the tip, with sides and ends bristled, whose number fluctuates

on each lobe between 12 and 22. The fnrcal lobes are in length only-

two and a half times shorter than the last abdominal segment.
This last (eighth apodons) prolonged segment of the abdomen differs

here in the important peculiarity that it jjossesses, a little abovx its

middle, often a more or less distinct transverse ring, like an articula-

tion, as existing between the eighth and ninth apodous segments of the
abdomen in the species of Branchipus, in which the furcal lobes are in

the majority strongly developed, as it were, on account of the ninth apo-

dous segment, which is rather short with them. This transverse ring

is just below the last sensitive bristles, occurring in A. salina a little

above the middle of the eighth apodous segment of the abdomen,^ as

also at the end of each of the anterior apodous segments just before the
segmentations. If this transverse ring on the eighth prolonged apo-

dous segment was more conspicuous in variety h. of A. salina, and if it

was of constant occurrence, then we would have a form with nine
apodous abdominal segments, which is one of the principal characters

of the genus Branchii^us. But since there is no actual segmentation
on the eighth apodous abdominal segment of variety h. of A. salina., this

race forms, remaining with the genus Artemia, a transitory linlc be-

tween this genus and the genus Branchipus. With the latter genus
the examined race i30ssesses by far more harmony than the other hith-

erto known forms of Artemiae. The prolonged, laterally and terminally,

bristled furcal lobes, the transverse ring between these lobes and the

abdominal end, the shortness of the postabdomen, the lesser length in

proportion to these parts in other Artemia forms, the greater thickness
of the segments of the postabdomen, the more or less distinct traces of

segmentation on the last (eighth) apodous, homologous with the two
last (eighth and ninth apodous) segments of Branchipus, likewise also

yet other less conspicuous characters of Artemia salina varietas b.,

demonstrate this.

Amongst the characters in which the examined Artemia-form incline

to the genus Branchipus I will note two more. One of them consists in

the presence of groups of spines on the ventral and lateral surface of the
postabdomen, on the end of the third, fourth, fifth, sixth, and seventh
apodous segments, anteriorly of each segmentation, and a little before

the middle of the eighth apodous segment before the more or less notice-

able transverse ring on this segment. On some segments occur two
aggregations, one on each side, but on others occur lour aggregations
arranged circularly around the segment. From the middle of each ag-

gregation arises a sensory bristle, which, together with the groups of

spines situated near their base, can easily be seen under a magnifying
power of 350. In A. salina and its variety a. occur, instead of groups of

spines, on the same spot groups of cuticular cells, which do not rise

above the surface of the integument (from which they are somewhat
differentiated), and which give rise to one bristle arising from their midst.

These comi^lexes of cuticular cells in A. salina and in its variety a. are

homologous with the mentioned complexes of si)ines in race h. ofA. salina

and the species of Branchipus. In domesticating several successive

generations of the species A. salina in gradually diluted salt water, I

obtained, together with the other corresponding characters on the post-

^On this spot of the last segment of the ahdomen we obtain the segmentation in the
species A. salina by domesticating several of its generations in gradanally diluted salt

water. Compare my paper in the "Schriften" of the third meeting of Russian natu-
ralists at Kiew, Zoological section, j)p. 71 and 87; also, my pajjcr in Z. f. w. Z., sxv,
1871.

32 H
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abdomen, the development of groups of spines from the above-men-
tioned groups of cuticular cells. However, these cuticular cells also

commence in free nature in fall generations of the species A. salina to

point themselves on their tips and to elevate themselves above the in-

tegument. To be sure under such external conditions the enlargment
of the furca and the number of their bristles testify in these specimens
to a lesser retention of growth than in summer at higher salt capacity
of the water and at higher temperature. These cuticular groups
of cells, or, in known cases, these denticular groups of spines occur-

ring near the base of the sensory bristle on the abdomen of A. salina

and its varieties, ai-e homologous with the minute denticular spines
occurring near the base of the sensory bristles on the lateral sur-

face of the postabdomen in both sexes of Branchipus ferox and B.
Sjjinosus. Concerning the large spines on the ventral surface of many
apodous segments (from the third to the eighth) of the abdomen of the
males of B. spinosvs, they apparently represent a i)henomenon inde-

X)eudent of the sensory bristles and their basal denticular groups of

spines, or both structures are so connected with each other that the
substituted sexual characters can be connected with the sensory or-

gans, for which we have to take the large ventral spines of certain ab-
dominal segments of the male B. sjnnosus. Beside these large spines,

occur, exteriorly of them, at the side of the segments, in the males as
well as in the females of this species, groups of minute denticular spines,

each with a sensory bristle.

The last of such conspicuous characters of the variety h. of A. salina,

approximating this form to the genus Branchipus, consists in the fact

that the male claspers on the anterior ventrally-directed side near the
margin between the rugose protuberances and the middle have not only
at the sides a complex of teeth, but also that they have on these spots
several i)rotuberances or integumental duplicatures. It seems to me
that those teeth occur on that spot where certain appendages on the
male claspers of many species of Branchipus occur. The claspers
themselves are considerably smaller in the males of this Kice than in

the species A. salina.

Still further on a circumstance in the biology of A. salina var. b.

points to the inclination of this form towards the species Branchipus.
It is that the males of this variety evidently occur comparatively more
frequently than in the other forms of Artemia. Of sixteen specimens
brought to me indiscriminately from the Krimea, six of them proved to

be males.^ Such a percentage of males I never met with in other species
of Artemia, among which the males are generally rare. l>rear Odessa I

had succeeded hitherto in finding but one female of this variety, together
with B. spinosus in a salt-water ditch of 4P Beaum6, none of the other
ibrms of Artemia occurring there. Variety h. of A. salina, however,
lives among all forms of Artemia known to me at the lowest concen-
tra,tion of salt water in salt ditches, in which live also several species
of Branchipus, some at higher, others at lower concentration of the
salt water. This circumstance is of importance, inasmuch as in species

of Branchipus, which do not indicate such a dilierence in figures as the
species of Artemia, i)arthenogenesis is unknown, while it without doubt
exists in Artemia, and in this number probably also in variety b. of A.
salina, being yat solely on the limits of the genus Artemia. Very rarely

^ In the summer of 1876 I found in the neighborhood of Sebastopolis, in several
salt-water ditches and smaller salt lakes of lesser salt capacity of the water, progress-
ively developed generations oi A. salina; nearly half of their number were males.
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do we find males in the degraded generations of A. saluia already bear-

ing the characters of Artemia milhausenii, and which live in the most
saline water. However, we can plainly notice that in the salt ditches

and in very small salt lakes drying up in summer, that the males of Ar-
temia appear in immense numbers at a certain time of the year, and at

a certain concentration of the salt water, as I observed it at a compara-
tively rapid evaporation of the water of the salt-water basins at the
time of continued drought. Here we have to give ourselves the sohi-

tion of the question about the change of this physiological function in

consequence of the distribution of generations of a species in another
elemejit, together with a certain variation of other functions, and of the

animal organism. Referring to this I mention but one of the sides, to

which variety b. of A. salina inclines to the genus Branchipus.
This varietj" has with the species the other structures in common, with

the exception of those less noticable aberrations depending upon the

element, i e.,princii3allyfrom the lower concentration of the salt water,

together with their own organization. So, for instance, are the gill-

sacs in the variety a little smaller, but especially narrower than in tlie

species; likewise in. the body more of a gray than a reddish color, and
more transparent. This form most closely approaches the variety of

Branchipus ferox of our salt ditches, but perhaps it is the radical form
of B. ferox and B. spinosus.

Consequently we have, therefore, here three closely allied forms of

Artemia: A. salina, A. salina var, «., and A. salina var. h. The species

A. salina must justly be regarded as a double form, consisting of ^i.

salina and its tirst variety (var. «,), as these two forms iu long past
times must have originated by division and formation of races of their

generations from one for both middle forms. Eegarding the second
variety (var. &.), it represents a form originated from A. salina, and be-

came distributed in salt ditches of lesser salt capacity, and it is likely

that also a similar offspring of the second variety exists.

These three forms, however, have so many different characters that

they in any case can be recognized as varieties amongst themselves.
We find such cases also in other widely-distributed species of Crus-
taceans,^ for instance, in Cyclops hicuspidatus Claus, and especially in

Cyclops odessanus n. sp., where two [Cyclops hicuspidatus) or still more
(C. odessanus) near, but still differing forms under certain external con-

ditions, each living in either its peculiar pond in one and the same, or

also in different water basins, and where each under certain external

conditions or at another season of the year obtains preponderance at

least in the number of specimens. But the forms of Artemiaj have the

preference before other Crustaceans, inasmuch as the surrounding ele-

ment includes less complicated conditions, which by the observer can
be kept under better control.

Among the forms of Artemife we may regard A. milhausenii as one of

the most retrogressively developed ones; but as one of the most pro-

gressively developed forms we have that which I provisionally call

variety h. of A. salina. Parallel to this A. milhausenii lives in very
saline water, near the self-deposition of salt, or near the same (about
23° to 25° Beaume), but variety h. of A. salina lives in comparatively
less saline water (4° B.).

Our A. salina does not fully agree with that examined by Joly,^

1 Consult my paper in the "Schriften." of tlie neorussian Society of Nat. 1875, vol.

Ill, 2d part.
^ Joly, Sur 1'Artemia saliua. Annates des Sc. Nat. 1840.
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occurring in the south of France. Our A. salina is rather a middle
form between A. salina 3o\j and our large race of J., saliiui (var. a.).

The considerably prolonged furca and the rather thin female clasi)ers

(males were unknown to Joly) oi A. salina Joly recall these parts in the
mentioned variety, but the body-length and the i)roportional length of
the abdomen agree with the same characters of our A. salina. The
mean concentration of the salt water Joly mentioned for his species
corresponds better with the mean concentration for our variety a. of A.
salina. Besides, according to the drawing of Joly, in his Artemia salina

the sixth apodous (Joly's fourth) segment of the abdomen is a little

longer than the seventh, but in our A. salina the sixth apodous abdom-
inal segment is usually a little shorter than the seventh; still it be-

comes longer only at too high concentration of the salt water and also

in younger stages of the specimens. In mature specimens of our A.
salina is the sixth segment especially longer when the concentration of
the salt water does not change from year to year, but in a shorter time,

as, for instance, from spring toward summer. The relative length of the
sixth and seventh apodous abdominal segments in our A. salina may
also serve as a measure for determining the age of already mature speci-

mens at a given concentration of the salt water, since the seventh apo-

dous abdominal segment prolongs with the age, and when this segment
in heightened concentration of the salt water, also in mature specimens,
'remains equal with the sixth or shorter, it indicates that sexual ma-
turity appears under such conditions a little earlier than the fitll devel-

opment of the body-parts. In variety a. of our A. salina is the sixth

ajjodous abdominal segment generally somewhat longer than the
seventh, which corresponds with the illustration of Joly and the usually
not sexually mature specimens of our A. salina.

The male claspers of our A. salina are. as alluded to above, of the
same form as figured by S. Fischer for his A. arietina (Middendorf's
sibir. Eeise, vol. II, part i, PI. VJI, fig. 32), but the termination of the
upper antennse sei)arates, according to the description and illustration

of S. Fischer, this form from Artemia salina.

Concerning the diagnosis of A. salina Grube {Branclii'pus salinus Grb.)
it remains unknown wherefrom Grube took the statement, that in this

species there are eleven bristles on the edges of the terminal i)lates

(lobus tarsalis Grb.) of the legs. The lobus tarsalis Grb. is the palette
of Joly, as expressed by Grube, but Joly i^oints out 30 to 38 bristles on
each such plate. I believe that this is a mistake in Grube's diagnosis,

and that Grube counted eleven bristles from Joly's illustration on an-

other foot-plate of Art. salina^ that is, on one of those i)lates which
Grube ^ calls himself lohi tibiales. This mistake in Grube's diagnosis
can be sufi&ciently cleared up by the comparison of the descrij)tion and
illustration of Joly with Grube's diagnosis and synonyms, which Grube
mentions for the terminology of these lobes in these animals after various
authors.

I wonder that I have not hitherto succeeded in finding that species

which S. Fischer described from the neighborhood of Odessa^ under the
name of Arte7nia arietina. The principal and very great difference of

A. arietina consists, according to Fischer, in that the terminations of
the first pair of antennae in this species are divided into two branches,
whereby the end of one branch bears two olfactory bristles, but the end
of the other bears two prolonged bristles, while in all Artemite collected

1 "Bemerkungen iiber die Pliyllopoden," ArcMv f. Nat. 1853, p, 141.
2 Middendorf's Sib. Reise, Vol. II, part i, pp. 156 to 157.
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by me here and iu the Krimea an entirely different type of structure of

the first antennae predominates, there being on the scarcely biramous
end of the antennas of the first pair four olfactory bristles and three

rather long bristles. Also at my visiting the Krimea last year (1S76)

I found the same Artemiae as near Odessa. It is tlie same Artemia
saliria with its two forms (a smaller, the Artemia saHna, and a larger,

the variety a. of A. salina), and moreover with its diiierent variations, as

they depend uj)on the differeat concentrations of the water in a iinovv-n

salt lake (the specimens with the characters of variety h. of A. salina

and those with the characters of ^. milhaiisenii). Beside the lake near
Eu])atoria 1 also visited live other small lakes near Sebastopolis. Out
of one of these lakes, the second on the Chersonesis and at the same
season of the year, JJlanin^ obtained Artemiae and, as communicated to

me by the author himself, alcoholic preparations already rather injured,

which he described as a variety of A. arietina Fischer {Br. arietinus

Grb.). S. Fischer described his A. arietina also from alcoholic speci-

mens, but we ought from all Crustaceans, Artemidae the least, not to

describe them after alcoholic specimens, as in them especially the num-
ber and the relation of the postabdominal segments remain concealed
from any observer who does not succeed in obtaining live material.

Unhappily also the systematic description of the Artemiae and Branchi-
pus has hitherto remained still the same, as founded in literature by
descriptions from alcoholic specimens. Such misrepresentations arise

from this, that, for instance, in one species, Artemia salina, the second
antennae of the male, while in another species, Artemia milhausenii, under
the same name, the second antennae of the female have been described
(cornes cephaliques, Milne Edw. Hist. nat. des crustacees), as the males
of this species were not yet known,^ about which I shall speak further

below. For those uninitiated in Artemia and the singidarities of its

literature, such diagnosis may form a source of many errors, which I

have elsewhere endeavored to clear up.^

2.

—

Generations of Artemia salina Mihip. Edw. receiving the characters of
Artemia Milhausenii Milne Ediv.

Artemia milhausenii has been described by authors under various
names [Branchipus milhausenii Fischer von Waldheim, Art. salina

Kathke, Art. milhausenii S. Fischer) from alcoholic specimens, and
therefore we find various contradictions and inaccurate accounts in the
descriptions of this species. Other authors (Milne Edw., Grube) bor-

rowed accounts from the former for the diagnosis of this species. If

the forms occurring iu nature and those obtained by a certain domesti-
cation from A. salina and its first variety (vari^tas a.) agree with those
which have been described by the authors under the name of A. mil-

hausenii and synonyms, or, better expressed, if there is in a state of

nature no other A. milhausenii than the degraded and modified form of

A. salina, which receives with the generations after a certain time and
by heightening the salt capacity of the salt lake the characters of A. mil-

hausenii, then A. milhausenii, owing to the manner of its origin and the

^ "Scbrifteu der kaiserlicben Ges. cTer Liebhaber der Nat. Antbrop. imd Viilker-

bescbr. Moskan. Vol. V, part i, page 9t).

2 C. von Siebold, Beitriige zr.r Partbenogenesis der Artbropoden, 1871, p. 209.
3 Consult my paper: Explications relatives anx diflereuces qui existent eutre I'Ar-

temia salina et I'Art. milbausenii et entre les genres Artemia et Brancbipus. Bi-

bliotb. Universelle et Revne Suisse. "Arcbive des sciences phys. et uatur. Geneve."
Vol. 57, No. 224, 1876, pp .358 to 365.
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infirmity of its characters, in which, however, it diifers from the nearest
forms, as one species dijfers from another species^ does not represent an
independent or original species. At constant high or little changed
coiicentratiou of tlie salt water, this form is able to produce entire series

of 'generations with the characters of A. milhausenii, like an original

species. Even if the generations of our form with the characters of A.
mUhauseyni are qualified at a certain behavior of the surrounding element
to preserve their distinctive specific characters, then these generations
only represent a degraded and modified form of A. salina, or, indeed, two
closely allied forms of A. salina, of wliich one represents the changed
generations of A. salina., the other the changed generation, of the first

variety (varietas a.) of this species.

In a short treatise in Zeitschrift f. w. Zoologie, Vol. XXV, first snp-

])lementary part, I have spoken of the changes of the generations of A.
salina produced by heightening tlie salt-capacity of the water in nature
and by artificial domestication, whereby they received the species char-

acters of A. milliauseyiii. Without repeating the same, I will only point
out that, together with the modifications of the postabdomen of A.
salina, the other i)arts also gradually changed in the direction toward
Artemia milhausenii, i. e., the postabdomen became more slender and
longer, the female claspers narrower ; the leg-parts also changed them-
selves, whereby the number of bristles and fimbriate spines of the leg-

lobes lessened, and the gill- sacs (Clans) chang-ed from elongate to oval,

thus comparatively increasing their size. We obtained finally all the
peculiar characters of A. mi^^iausenil, as they were described by the
autliors.

The specimens with the characters of A. milliausenii in the Kujal-

nitzki salt lake justly i-eprcsent a degraded and changed form of A.
salina and its first large variety («.), for that we also distinguish two
different forms of individuals with the characters of A. milhausenii.

Some correspond with the specimens of the species, others with the
mentioned variety of A. salina. Even if the characters of the species

and this variety of A. salina, tlirough degradation of their individuals,

become somewhat obliterated, it is nevertheless still possible to distin-

guish individuals originating from this or from that form. Those cor-

responding Avith A. salina have about 10'"" length, those of the men-
tioned variety are about 12'^"" in length. In the former the post-;

abdomen is a little shorter, and the posterior or apodous segments is

shorter than the double length of the anterior part of tlie body, and is

in proportion to it on the average as 8 to 5, but in the latter the x^osterior

part of the body is equal to twice the length of the anterior i)art, or a lit-

tle shorter, in the proportion in the latter case of 9 to 5. In both species

this relation moreover dei)ends upon the age of the already sexually ma-
ture individuals, since in already olderones the posterior part of the body
is longer. Moreover, the former have a less dark red color, and their

rounded abdominal end is somewhat broadened and as if fiattened in

the direction from above downward, but the latter have a more dark red
color and the abdominal end is less broadened, only rounded. In this way
the specimens of A. milhausenii have two forms, but the difference of

their characters is scarcely sufficMent to regard one of them as a true race

in relation to the oiher, and the less so, as the deviation of the indi-

viduals of the one or the other category on one or the other side, accord-

ing to age, even at the time of sexual maturity, allows some transitory

stages to be recognized between tliem. It is only apparent that some
represent a degraded form of A, salina, but that others represent a de-

graded form of variety a. of A. salina. It is necessary to remark, that
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the former already at 20° Beaum6 represent a just as far degraded o-r

retrograded form as do the hitter at 23° or 24P Beaum(5, and that the
former occur principally in one, but the latter in another, now cut-off

part of the Kujaluitzki salt lake. For better distinction I shall call the
former the smaller, the latter the larger form with the characters of A.
milhausenii.

Did this Artemia, with the characters of A. miniausenii, one form of
A. saliiia, change by the influence of the surroundings, or one by the
influence of the same in the development-retarded form*? To this ques-
tion the characters themselves, and the course of posteinbryoual devel-

opment of this modified and also in development retarded form, answer.
I^ot only characters show themselves in this form i3eculiar to the younger
age of A. salina, and originated from retarded development, but also

newly acquired to the surrounding adapted characters. The young
individuals of A. salina and its variety have, as is known, in the begin-
ning no furca, but it develops much later. This circumstance testifies

that in adults with the characters of A. milhausenii no furca has been
formed, owing to retarded grovv'th. But we must consider that in those
transitory formsbetween J-.sa^i«aand J..7??i/A.,which in mature and old
age have a little-developed furca, with a very small number of bristles,

have, in still young age, just before the appearance of sexual maturity,
and shortly after the same, a still more developed furca, with a larger

number of bristles preserved, than in old age, during which this part at

one and the same salt capacity of the icater more degrades. This phenom-
enon can still be better noticed in the domestication of successive gen-
erations of A. salina in salt water of gradually increased concentration,
wherein that period, during which the furca mostly develops, shortens
with each following generation, the development of the furca becoming
a weaker one, appearing in shorter time-spaces. It is important that this

period includes the space of time immediately before and partly also

after the appearance of sexual maturity, in the beginning of mature
age; also in those specimens in nature in which in later, mature, and
old age altogether no furca exists, a little developed appears in said
period, partly with bristles, or only in later generations, by the influ-

ence of the surroundings in the same direction, this phenomenon of char-

acters of higher original form is more and more obliterated. All these
phenomena prove that the absence of the furca in the forms with the
characters of A. milhausenii depends upon retarded development of the
organization of the generations, not only from the appearance of sexual
maturity still before the full development of the body parts, but also

from the immediate influence of the salt water of higher concentration,

at which the appendages just beginning to develop became as if atro-

phied. There are many similar examples of retrograde development of

the form and of the individual.

The greater length and slenderness of the postabdomen in the speci-

mens with the characters of A. milhausenii compared with the part in

mature and still more in younger A. salina^ proves with certainty that

the organization of such specimens in this relation depends almost entirely

upon the immediate influence of the element, but not upon an indirect

influence, i. e., from the mechanical jjressure of the salt water, and the
later appearance of sexual maturity, and not from the retained growth
and the appearance of sexual maturity before the complete development of
the body-parts. Had the ijostabdomen of the specimens with the char-

acters of A. milhausenii formed as a consequence of retarded growth and
in comparison to A. salina earlier and before the full development of

the body-parts ensuing apiDcarance of sexual maturity, this postabdo-
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men would have remained comparatively short and stout in the conduct
of these parts in the young- A. salina, in which the furca is not yet de-

veloped, or it would be in any case shorter and stouter than in the

mature A. salina. 1 admit that in further degradation of the generations

with the characteristics of ^. wii/iawse^jn the postabdomen could have
become even, if not shorter, yet less shorter, than in the mature A. salina,

but I only speak of what has really been the case in these specimens. The
circumstance that at a higher salt capacity of the water, the growth of the

degraded specimens of A. salina is going on slow, and the sexual rjatu-

rity appears in time late, gives its postabdomen the chance, as if in

contrast with the degrading influence of the element to prolong, and
the latter perhaps also retains the prolongation of the abdomen, espe-

cially in combination with the heightened temperature, which also,

according to the time, aw^akens the sexual maturity earlier. In A.
milhaiisenii, described by Rathke^ under the name of A. salina, is the

posterior part of th-e body, consisting of apodous segments, also shorter

than the anterior part, although the description, illustration, and figures

of this author stand in great contradiction to each other. From the de-

scription of this author it follows that this Artemia in summer lives in

a concentration of the salt lake reaching selfdeposition. Even if the
postabdomen in our si)ecimens with the characters of A. milliausenii is

larger than in A. salina, there is nevertheless in transitory forms, in

Avhich the degradation did not yet reach the extreme limits, a ])ost-

abdomen somewhat longer than m the specimens which in the further

generations live at a higher concentration, lacking the furca already, as

is especially noticed in the summer (enerations. The length and slender-

ness of the posrabdomen prove in any case, esi)ecialiy in our specimens
with the characters of A. rnilh., the dependence of the organization of

these specimens upon the immediate influence of the surrounding, de-

pendent upon the retarded development aud sexual maturity appears
earlier than the full development of body-i^arts, since on the whole the

postabdomen of these forms is longer aud sleuclerer than in the young,
and also even in the mature forms of Art. salina.

Contrarily the gill-sacs aleo ])rove the retarded developmen:: of A.
milliausenii if they are also in their development simultaneously adapted
to the demands of the surroundings. That is, in young specimens of

A. salina exists a i)eriod in vrhich tiieir gill-sacs have nearly the same
form as in the mature individuals with the characters of A. milhausenii.

Likewise ihe gill-sacs are in the nmture individuals with the characters

of Art. milk, larger than in mature individuals of A. salina, especially

in relation to width and in the comparison with the length of the body
in these or those individuals.

But the young individuals of A. salina now have larger gill-sacs than
the full-grown ones, there being a period in their de\^elopmeut in which
the gill-sacs are in length and width so in proportion, as is the case in lua-

tnre specimens with the characters of A. milhausenii. This apparently
points to the exclusive dependence of the gill-sacs upon retarded devel-

opment of the form in the latter specimens, but this only seems to be
so. If we domesticate generations of A. salina in gradually diluted

salt water this period appears, during which the gill-sacs of the young
Artemia have the measure of the gill-sacs of the mature specimens with
the characters of ^4.. milhausenii, always earlier, i. e., it approaches the

beginning of development -, in the domestication of these generations

in an opposite direction, this period alwaj'^s appears later; i. e., it ai3-

' H. Ratlike, BeitrJig. zur Fauua tier Krim. pp. 395 to 401.
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proaches the end of the development, so that the young specimens of

one and the same age, but, from a different element, do not correspond
in this relation, and the younger age of the former concurs with the kiter

age of the latter. Since the "vrhole development of these or those speci-

mens proceeds similarly, so must the development itself depend upon
the immediate influence of the surroundings, after which the organism
of these or those forms develops, whereby that in the generations sums
up what the external conditions in them produces; and what they as a
consequence of the influence of the surroundings acquire. Here wo
must imagine the transfer of the course of development of a single in-

dividual upon the course of development of particular animal forms.

From all this it results that the gill sacs of the young individuals of A.
salina are in a certain age similar to the gill-sacs of the mature individ-

uals of A. milhausenii, but the gill- sacs of the young individuals of this

latter species are at the same period still larger, and obviously represent

an addition in the organization of this form in comparison with A. salina,

and a result of the influence of some force. Tliis force was the sur-

rounding element of a certain composition, that is, the large salt capa-

city of the water alone, or iu combination with heightened temperature.
Hence, we see that the gill-sacs in A. milhausenii, together with some
other parts of the body, testify to the retrograde development of this

form under the influence of the surroundings as well as of the immedi-
ate influence of this element. It is w^orthy of remark that the fact that

the adaptation to the element is accompanied by a retarded development
of the generations, as iu other cases the adaptation to the element in

these animals is accompanied by a lirogressive development of the gen-

erations; in another element by the, as regards this species, typical de-

velopment of the body parts and sexual maturity. In the one and the
other case the element effectuates a change of form in a direct and in-

direct manner. Of course, nature effects this in a great measure, not so

much by the change of the element as by distributing generations of a
species in a highly varied element.
Touching now the question, whether the specimens with the charac-

ters of A. milhausenii, which in the course of several years and a com-
paratively small number of generations issued from A. salina iu the
Kujalnitzki Lake, at a gradual heightening of the salt capacity, do repre-

sent a species, or at least a variety, I must answer in the negative. If

it turns out that the actiml Artemia milhausenii of the authors, according
to its structure and origin, is equal to the degraded specimens of A.
salina, then it has no right to be regarded as a species ])roper, yea, not
even to be a variety of A. salina, or of any other species, since the man-
ner of its origin under the mentioned conditions contradicts the prevail-

ing conception of species and race. Species and race possess a compar-
atively great endurance of characters, and must originate in consequence
of more or less widely spread distribution of generations of their pre-

ceding or contemporary forms in a differentiated element (without natural
selection or with it), but not owing to the modification of the surround-
ing element iu a given locality, and moreover iu a brief space of time,

in the course of perhaps four years.^

Even if the change of the element at a certain rate of slowness can
favor the change of form, the main cause of their origin must, ueverthe-

^The lowest ortranisms appear, by certain changes of the surronndmgs, in an incon-
siderable space of time to represent definire series of forms, which ^Ye are accustomed
to hold as sxK'cies. The begiuuing of my papers iu this direction relative to the low-
est organisms, foi-ms my article in the "Schriften" of the Neorussiau Society of Nat-
uralists, lci76, vol. iv.
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less, lie iu the disposition of the generations to distribute themselves in
much varied elements, that is, to distribute themselves beyond the limits

of that element, at which, in the generations, the tj^pical characters of
the species preserve, regardless as to the causation of such distribution,

by increased augmentation of the individuals, or of such external influ-

ences, like moditication of the element in a given locality. Our individ-
uals with the characters ofA. milhausenii actually represent the degraded
and modified generations of A. salina, by the itself rapidly changing ele-

ment which also influences the Artemise living in it. Similarly, like cer-

tain annual species, which with their generations are much distributed,
according to the seasons of the year, represent rather great differences in
spring and summer forms. As the most extreme generations of the
seasonably distributed species deviate from their species-type toward
the nearest allied forms, as is seen, for instance, in Cyclops hrevicaudatus
Claus, and Daplmia magna, Leydig, var.,^ so likewise deviates Arte^nia
salina with its generations at the most extreme limits of endurable concen-
tration of the salt water toward the forms allied to them. But there is

a great dilference between these phenomena. Artemia salina changes
during the course of several years iu the direction toward A. milliaitsenii,

passing through a comparatively large series of generations, and
whereby we, iu comi)arison, finally obtain a far greater moditication
than any hitherto known deviation in the generations distributed sea-

sonally. If there actually exists in nature a self-sustaining species, A.
milhansenii, like an A. koeppeniana Fisclier, besides the degraded gen-
erations of A. salina and similar forms, then such degraded generations
of the highest species of Artemise represent transitory forms toward the
lower species of this genus, and indicate the element under whose influ-

ence the latter originated. This element must be a salt water of great
concentration, together with heightened temperature. It is possible that
in long-continued duration of the salt-lake element peculiar to the low-

est ArtemiaB, the degraded generations of the higher species of this genus
still more degenerate, rendering their characters more permanent, but
the forms themselves more independent, even if the principal condition
of the origin of independent forms consists in the distribution of genera-
tions of these forms producing species in a heterogeneous element, but
not (or less) in the moditications of the eleaientof a known district or of

a certain water-basin. It seems to me that, with a ver3" gradual increase
of the conceuti-atiou of the salt lake, the species populating it will rather
die off in this location, than i^roducing a new self, sustaining itself with
the element modifying species.

In view of such jjhenomena a strict scrutiny of such lowest Artemise
as A. milhausenii is unconditionally necessary ; all the more, since these
species were described by the authors for the greater part from alcoholic

specimens, and moi-eover at a time in which the modifying effect of the
salt water uj^on the Artemite was yet entirely unknown.
To solve the question, whether A. milhausenii exists as a self-sus-

taining species, I visited during the middle of July, 187G, the Krimea and
examined specimens of Artemii© from that salt lake, which is located

near the Tatare village Sakki on the way between Eupatoria (Koslov)

and Simpherpolis, from which the authors (Fisher von Waldheim, H.
Eathke, S, Fischer), who described the Artemia milhausenii obtained
their Artemise. I saw that in this lake occurred already at the self-depo-

sition of salt specimens fullj^ answering the descriptions of Artemia

^Consulr my paper in the "Schrifteu" of tlic Neoruss. Soc. of Naturalists. 1875.

Vol. iii., Pp. 18 to 44 and 206 to 214.
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milliausenii of the authors (exclusive of their mistakes), and likewise oc-

curred in it at the same time specimens of the transitory form toward
A. salina Milne-Edw., whose specimens here were in various dejjrees of

degeneration in the direction of Arlemia milliausenii. They were all

such specimens as those found by me at the end of summer, 1873,

and middle of summer, 1874, in the Kujalnitzki Lake, near Odessa, that

is to say, partly complete, partly not fully changed, specimens in form,

known under the name of Artemia milhausenii. The circumstance that in

the very saline Sakki Lake, there still occurred also in the middle of July
'

many specimens of the transitional form between A. salina and A. mil-

hausenii, is explained by the fact that the precediiig winter in the Krimea
was very snowy, that the water in the salt lake in spring became very
diluted, and that the specimens and generations of Artemia salina had
to change rapidly in one summer, therefore many specimens did not
succeed in fully transforming in this one summer. (Only at very gradual
increase of the concentration of the salt water have the following genera-

tions of Artemia salina in all their specimens the form of Artemia mil-

Jiausetiii, as observed by me in the course of several years in the Kujal-

nitzld salt lake near Odessa.) After several days of great drought and
increase in the amount of the deposited salt in the Sakki Lake, I could
not find a single individual of Artemia. I have to state that the speci-

mens of Artemia in this lake belong to those two races of Artemia sa-

lina, which live in the neighborhood of Odessa in the Kujalnitzki salt

lake. The smaller individuals of this much distributed species answer
to Artemia salina, changed in the known manner, but the larger indi-

viduals answer to variety a. of Artemia salina changed in the same di-

rection.

It would here be important to know what is really wantiog in the

degraded generations of Artemia salina, in order to possess all the char-

acters of Artemia milliausenii Autorum.
Contrary to the diagnosis -of this species {A. milhausenii of Milne-

Edwards), we in our generations notice but the one difference, that on
the female claspers of our individuals toward the middle is found a
small protuberance or broadening, Milne-Edwards not mentioning this

(of course in the females, as the males were yet unknown at that time).

These words of Milne-Edwards do not correspond wirh Eathke's state-

ments, who described this species under the name of his Artemia salina.

We see from Eathke's drawing and descrix)tion that the second antenuiie

of the female of this species has two broadenings divided by a trans-

verse ring, which the author regards as the two hrst joints, whereby a

broadening occurs near the base, another one in the middle of the an-

tenna, which answers the same as similar broadenings in our female

specimens with the characters of this species. In comparing Artemia
milhausenii with A. salina we must observe that in Milne-Edwards's diag-

noses (Histoire naturelle des crustacees, Vol. Ill) the second antennae

of the males of A. salina, and the second antennae of the females of

A. milhausenii, of which latter the males were yet unknown, have
been described, as already stated above. For these determiucitions in

both diagnoses (cornes cephaliques) Milne-Edwards omitted to give the

necessary explanation.
Opposed to this the description of Eathke gives the following differ-

ence: He says that in this species the upper antennae are four-jointed,

Tvhichis very doubtful, since in the forms of this genus and in Branchipus
the upper antennae are not jointed, but we only observe after a number
of subsections similar to faint transverse rings, which should not be

1 Midderdorfs Sibirische Reise, Vol. II, part i, pp. 155 to 156.
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taken for artii'ulations. Furthermore, according to Eathke, this sijecies

has, besides the upper lip, no other oral parts, while S. Fischer,^ in com-
pleting- the description of this species, describes beside the upper lips,

also other oral parts (upper and lower jaws), which differ in nothing from
the same parts in other Artemise. luour specimens with the characters
of A. milhausenii, tbese parts fully correspond with the description given
by S. Fischer. Such a great contradiction between the authors awakes

, a doubt whether they had to do with the same forms, thus rendering the
determination of this species difficult. Likewise Rathke does not men-
tion in this species the existence of the posterior branchial lobes, while
he dwells at length upon the gill-sacs, as if the former were not existing

at all. But in reality Eathke jirobably did not see them at all on account
of their transparency. These branchial lobes exist in our specimens
(and those from the Krimea) with the characters of Artemia milhauscnii,

and S. Fischer gives an illustration of them withhisdescription ofJ.rfemm
Tioppeniana. On the contrary, in Rathke's descrii)tion there is yet a dif-

ference in the length of the abdomen. In our individuals w^ith the char-

acters of Artemia milhansenii, the i)osterior part of the body, consisting

of ai)odou8 segments, is longer than the whole anterior part, being to it

in proportion at least as eight to five ; but in the specimen described by
Rathke the posterior part of the body is shorter than the anterior.

However, we can with certainty say of Rathke's description, what length
the posterior jjart of the body had in the specimens described by him.
From his words it is to be assumed that Rathlie calls the whole posterior

part of these animals (without the first two apodous segments of the abdo-
men?) a tail. The comparative length of this tail he compares with the
tail (postabdomen) of the scorpions, and shows by the illustration that
the posterior part of the body is nearly ^ shorter than the anterior part,

while in the stated measurements he has such figures as surprise me
by their disproportion, and according to which the tail would be two
and a half times shorter than the anterior part of the body. The
latter can only be called a misprint; it remains unknown, however,
how the omission of oral parts (excepting the upper lips) and the
posterior branchial lobes can be explained in Rathke's descriptions.

If the degradation of this form had proceeded so far, that with them
these parts were not developed at all, it would have been different from
the form examined and more completely described by S. Fischer. S.

Fischer, however, calls the tail of the form examined by him, long, which
expression^ H. Rathke does not use, but the termination of tlie post-

abdomen, according to Fischer's drawings, difters from the termination
of this part in Rathke's drawing, not showing any broadening. It is

possible that Rathke and Fischer had different forms in possession,

whereby Rathke's form is identical with the very degraded generations
of Artemia salina, or corresponds with them, while Fischer's form is a

degraded form of the larger variety a. of Artemia salina.

Finally, on the other hand, Grube's^ diagnosis of this species aiffers

from our generations with the characters of Artemia milhausenii., in

having on the terminal lobe (lobus tarsalis Grb.) not about 17, but about
25, marginal bristles; it is possible that here Grabe borrowed the num-
ber of bristles from Rathke's drawing, who drew on his small illustra-

tion about such a number of bristles, only saying in the description

1 Milne-Edwards calls in his diagnosis the postabdomen of Artemia inilhausenii also

long, but does not take this expression in his diagnosis of Artemia salina.
" "Bemerkungen iiber die Phyllopoden" in Archiv fiir Naturgesch. 1853, p. 145.

He correctly remarks, amongst other things, that Rathke could not have observed
the very tender and transparent posterior branchial lobes in so old alcoholic specimens.
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that tliere were many bristles. On Eatbke's drawing are 18 such
bristles, and even if there had not been more this makes no great dif-

ference, especially in view of the fact that the specimens obtained by
Kathke, from a salt hike in comparison with ours, could have been more
degraded. I must here add that in our Arteynia salina there are some
thirty bristles on the terminal lobe of the leg C?) ; in variety a. of Arte-

mia salina there are some thirty-three marginal bristles. Had we not
had in the Kujalniker Lake in 1874 a second inundation, the genera-

tions with the characters of Art. milhausenii would certainly have
proved more degraded in relation to this, as there stronger concentrated
salt water would have remained in the lake.

I therefore cannot, without excluding the possibilty of the existence

of a self-sustaining species of Artemia milhausenii^ regard the degraded
generations of Artemia salina obtained as a species proper, aitd even
not then, if such degraded generations exhibited all the characters of

Artemia milhausenii: the characters of A. milh. at a certain modifica-

tion of the element in the course of several years or also b}^ domestica-
tion of several successive generations of Artemia salina in a correspond-
ingly changed element.

After all I hope nobody will think that I endeavor, with the aid of

modifying the element in the domestication of animals, to i)rodiice from
one species one or more new species. Everywhere I have sought to

obtain the intermediate transitional forms between the nearest-allied

species, and I approached myself in a moderate degree the characters

of the actual species, but we cannot regard such forms as independent
ones which have by domestication received characters of unknown con-

stancy (in nature), and which we obtain by changing the element during
domestication of several generations. It is possible that in earlier times

and even also at present in different other localities, as species and an-

cestors of our present species such middle transitional forms among
the closest allied forms live; nevertheless these forms, resulting from
domestication, will neither represent independent species nor varieties,

as incipient species, but they only show the tcay in which the characters

of a given species combined and which way man, with his zoological ex-

perinients, especially with the present means of science, cannot fully

follow. Should we succi-ed in i)roducing, with the aid of domestication,
a form possessing all the characters of a species existing in a state of

nature, then this form will differ from the real in nearly the same way as

the best picture will differ from the original. This would be like making
concessions to the present conception of si)ecies. Owing to the stated

facts it seems to me that our present species can be artificaily pro-

duced by man, only this does not happen with the aid of artificial do-

mestication, but by adaptation of physico-chemical factors. We should
never forget that in nature the characters of a species have a relative

stability.

3.

—

The characters of the genera Artemia and Branchipus.

The characteristics of the genera Artemia and Branchipus are demon-
strated by many authors, owing to an insufficient knowledge of the
characters of the genus Artemia, in a confused and even wrong man-
ner. Already in 1853 had Grube made' his protest against the stability

of the genus Artemia, seeing that Artemia differs only from Branchi-
pus by quasi-negative characters; he also saw the necessity of forming

1 Grube, Bemerk. iiber die Fhyllopoden in Arch. f. Nat. 185o, pp. 132 to 134.
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from Artemia a i>roper group or a subgenus of the genus Brancliipus,
like Brancbipus proper and Polyartemia. Dr. Grube, nevertheless,
gave iu reference to the then known facts of Artemia a mistaken char-
acteristic of his subgenus Artemia^ saying, amongst other things, that it

possessed six apodous segments and that the short furca was only
bristled at the ends (})ppendicibus caudalibus brevibus, apice tantum
setosis ....). Eelativetothenumberof apodous segments of the abdo-
men, Grube repeated the statement of those authors (Joly) who in Ar-
temia did not take into consideration the first two apodons segments of
the abdomen, bearing the external sexual parts. Without these two
first apodous segments of the abdomen Artemia has really six apodous
abdominal segments, but since the external sexual organs answer mor-
phologically to modified limbs, we only in this sense can count in Ar-
temia six segments of the abdomen; like Branchipus in this case it

would have but seven and not nine segments. But Grube in this sense
does not count six apodous segments iu Artemia, as he demonstrates
nine apodous segments for his subgenus Branchipus, and we can see
from the general diagnosis of the genus Branchipus (1. c, p. 136), that
those segments, bearing the external genitals, were taken in with the
apodous segments of the abdomen of Ms genus BrancMinis^ i. e,, inclu-

sive of Artemia and Polyartemia. But, in fact (as mentioned above in

the completed description of Artemia salina) the species of Artemia, have
eight apodous abdominal segments, the first two of which bearing the
external genitals, and of which the last is nearly twice as long as the
preceding and is homologous with the two last apodous segments of the
species BrancJiipus, but the BrancMpodcc have nine apodous abdominal
segments, of which the first two also bear the genitals, and of which the
last, located before the furca, is not longer, but usually shorter than the
preceding. ^

In regard to the position of the furcal bristles in Artemia3 I have
already stated above that in our forms of Artemia the bristles are not
only at the end but also often on the margins of the furca, and that
these bristles often occur also in great numbers, the furca assuming, as
in variety h. of Artemia salina,, a plate form.

If we ask now whether all species of Branchipus really possess nine
apodous segments, of which the two last ones are homologous with
the prolonged last segment of Artemia, then it seems indeed to be the
case. Only Branchipus sfagnaUs could form an exception. At least
from the statements of the authors ^ the number of apodous abdominal
segments (whether eight or nine) cannot be inferred with certainty, and
I myself had not hitherto occasion to examine Branchipus stagnalis.

Concerning the question whether all the species of the genus Artemia
have eight apodous abdominal segments, and whether in all the last

segment is j)roionged and homologous with the last two abdominal

' In my paper in Zeitschrift f. w. ZooL, vol. xxv, supplement part, appearing under
the title " Ueber das Verhiiltniss der Artemia salina M. Edw. zn Art. milhausenii M.
Edw. nnd dem genn.s Brancbipus," I must add a correction relative to the propor-
tional length of the last abdominal segments in Branchipus. Thei'e it says : "Branchi-
pus has nine last apodous segments, of which the two neighboring segments show
oiilj^ a small diiferencein length among themselves" (1. cit., pp. 106 and 110). loughc
to have said: "Branchipus has nine apodous abdominal segments, of which the last,

situated before the furca, is not longer but usually shorter than the preceding seg-
ment."

^Leidig, "Ueber Art. salina und Branch. sta,gnalis." Zeit. fur w. Zool. 1851, p.
231. Spangenberg, " Zur Kenntniss von Branch, stagnalis" in Zeit. f. wiss. Zool.
187(i. pp. 8 to 9. Supplement part. Clans, "Zur Kenntniss des Banes und der Ent-
wickluug von Branch, stagnalis und Ai)us caucrif." Goettingeu, 1873, j). 14, Tab. V,
ih' 10.
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segments of Branchipus; of this no indications occur in literature.
That Artemia salina observed by J0I3- has eight apodous abdominal
segments with a very prolonged last segment can be seen from Joly's
illustrations, and also from this, that he counts six apodous abdominal
segments without including the two first apodous abdominal segments
which bear the external sexual organs. According to Rathke, who ob-
serv^ed alcoholic specimens of Artemia milhausenii [Art. ,mlina Eathke),
the postabdomen is indistinctly divided into segments; he did not indi-

cate how many segments there are. Our degraded generations of
Artemia salinawith the character ofArtemiam llhaMseni i have just asmany
apodous abdominal segments as Artemia salina, onlj- the articulation
is more distinct. In the description of Artemia arietina S. Fischer and
Artemia h'oppeniana S. Fischer nothing was said about the number of
apodous abdominal segments. Grube very incorrectly states the num-
ber of apodous segments in Artemia as being sis, incorrect, for because
right after in another diagnosis he correctlj' mentions in his subgenus
Branchipus nine apodous segments, thus showing which segments of
the abdomen he considers as apodous. Joly gave occasion for this
conclusion in omitting the two first apodous segments of the abdomen,
whichm Artemia., as well as in Branchipus, bear the external sexual organs.
In the other mostly examined alcoholic specimens of Artemia, the artic-

ulation is not very plain to see. In this regard Branchipus oudneiji Lie-

vin [Artemia oudneyi Baird's) deserves attention, under which name an
Artemia from a salt lake in Africa was described by Dr. Lievin.^ This
African form has in the illustrations eight apodous abdominal segments,
of which the first only bears the external genitals, the last being short,

at least shorter than the preceding. Although this form, as in Artemia,
has eight ajjodous abdominal segments, it can nevertheless in this pro-
portion be included neither with the genus Artemia nor with the genus
Branchipus. But the illustration now does not correspond at all with
the description of the posterior part of the body of this Artemia. It

is said in the description^ that the specimens examined had laid a long
time in alcohol, and that therefore the number of abdominal segments
could not exactly be determined ; that the abdomen of some specimens
answered as if to one segment only, while in others four could be distin-

guished, again, in others five segments; but from the fifth in the others
they could not be distinctly seen. Dr. Lievin considers the presence
of eight abdominal segments as probable. Here the author u.nderstands
as abdomen only the whole of the upodous abdominal segments. Ac-
cordinglj", the number of apodous abdominal segments of this Artemia-
form, and also their proportion to each other, is considered as unknown.

It appears to me that with the absence of certain characters in ylr/e-

mia for distinction from Branchipus, we must assume eight apodous ab-
dominal segments. Of these the first two bear the external genitals,
but the last, terminating with a furca, is nearly twice as long as the
preceding, and is homologous with the two last apodous abdominal
segments in Branchipus. The latter possess at the end of the abdomen,
besides these segments, also abdominal appendages, mostly separated
from the last segment by an articulation. In Artemia the last abdomi-
nal segment is only somewhat shorter than the double length of the
penultimate segment, sometimes even a little longer. Here I have to
remark that in young, though fully developed specimens, the relative
length of this segment is more considerable than in old ones, as the

iLiev.in, " Branchipus oudueyi, the Tozzcauworm," in "Feueste Schrifteu tier Natar-
forschtiuden Geselesch. zu Daiizig." Vol. V.

^Loc. cit., pp. 8 to 9,
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precedinjj segments in old specimens, are more prolonged than in young
ones. With the fnrca is the last abdominal segment usnally a little

longer than the double length of the penultimate segment, however
sometimes also a little shorter, AThich probably depends upon the age
as well as upon tLie surroundings. I have yet to add that the longer
the abdominal furca in the Horm A^'temia is, the shorter appears the last

abdominal segment; it is as if the furca develops on account of this

segment, especially on account of the second half behind the sensory
bristles (which are nearly in the middle of its length). This answers the
circumstance, that in the species BrancMims^ with usually great length
of the abdominal appendages, the last abdominal segment is consider-
ably shortened, as the abdominal segment, which corresponds to that
part of the last abdominal segment in Artemia, which part is behind the
last sensory bristles, i. e., behind that part where Artemia lacks the ar-

ticulation, which exists in Branchipiis {excei[)tmg Branchipvs stagnalisf).

Kegarding the circumstance that the last apodous abdominal segment
of Artemia is homologous with the two last, *. e., the 8th and 9th apodous
segments of Branchipus, we must firstly realize the disposition of the
sensory bristles on the abdomen of the species Artemia and BrancMpuSy
and secondly the origin of the articolation in the middle of the last x>ro-

longed segment of Artemia^ ininicdiately behind the sensory bristles, in

the domestication of the entire generations of these animals in continually
diluted sa-lt water. On each apodous abdominal segment of the Branchi-
pidw the sensory bristles are at the end of the segment before the artic-

ulation; the last segment makes an exception, which has no sensory
bristles before the abdomiiurl apx)endages. The Artemia show an
equal disposition of sensory bristles on the postabdomen, with the sole

exception that such bristles are also on the last (eighth apodous) prolonged
segment, about in the middle or above it. As into the sensory bristles,

located about in the middle of the iast prolonged (eighth apodous) seg-

ment in Artemia^ enter likewise nerve-branches, as is the case with
those at the end of the preceding segments, and the sensory bristles

at the end of the segment in Branchipus (therefore also into those at the
end of the peiuiltimate segment), it follows that the first half of the last

segment (eighth apodous) in Artemia corresponds icith the tcholepenultimate
(eighth apodus) segment of Branchipus, while the second half of this

segment (eighth ajjodous) in Artemia is homologous with the last (ninth
apodous) segment in Branchipus. As I do not write a monograph of a
Si)ecies, and as for me only the disjiosition of the sensory bristles was
of importance, I cannot give the number of bristles on each ai)odoas
abdominal segment. Sometimes 1 found only two bristles on the seg-

ments, sometimes four, circularly distributed around the segment). I

only know that these sensory bristles also exist at the end of the two
first apodous segments opposite the external sexual organs, and also at
the end of the last limb-bearing segment, likewise also on the other
segments of this body-part. Spangenberg found in Branchipus stagnaUs^
sensory bristles by twos on the abdominal segments, and only on the
eighteenth, being the seventh apodous segment, he found four bristles.

It is without doubt, that in Branchipus stagnalis, in case it has only eight
apodous segments, the sensory bristles are not at the end of the eighth
apodous segment, but before the faint articulation of this segment,
which is figured by Olaus,^ or if Branchipus stagnalis should, like the
other species possess nine segments on the end of the eighth segment.

^Zeitscbr. f. wiss. Zool., vol. xxv, supplem. p. 28.

'^Loc. cit., Plato V, fig. 16.
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This location corresponds to that, where inArtemia on the long segmentan
articulation is formed, if we domesticate entire generations in gradually-

diluted salt water (esi3ecially at not too high temperature), and also to

that location where in the BrancJiipidce this articulation exists between
the eighth and ninth apodous segment. It would look too forced, on
account of a single character, to include the one assemblage in the genus
Artemia, the other in the genus Branchipus. By this rather unnatural
systematic treatment Branchipus stagnalis would come into the genus
Artemia, though this species according to its characters, with the excep-

tion of the eighth apodous segment, belongs to the genus BrancJiipus.

I note that in regard to apodous segments Branch, stagnalis has not the
full characters of Artemia, as with it the last (eighth) apodous segment
is not so long as compared with the preceding, as in Artemia. There
are other structures, according to which the species of Branchipus can
be distinguished from Artemia. Such a character is that in the males
ofArtemia the claspers toward the end, that is, in the second half (last

joint) become broader, so that the second half is tabulate, which does
not occur in Branchipus, since their male claspers are not tabulate

5

moreover, their first half is broader and thicker than the second.^

The circumstance that there are often certain appendages on the clasp-

ers or on the front of various Branchipidce, and that the furca generally is

tabulate and better developed, can be but partly regarded as a character
of Branchipus. On the male claspers of Artemia, we see also certain

appendages in the shape of little tuberoi^ties for holding the female;

we even see whole groups of denticular spines, while in certain species

of Branchipus {Branchipus ferox Grb. and B. medius mihi) no append-
ages at all occur on the claspers of the males. Although the branches
of the furca in Artemia have mostly the shape of a stylet, or are conical

in shape, there are, nevertheless, also Artemice with tabuliform branches
of the abdominal furca, like the second variety of Artemia salina (var.

b.), Artemia salina itself has even often a large development of the
furca under the influence of certain external conditions. Otherwise,
the furca of the above-mentioned Branchipus medius resembles this

part in Artemia, only it is somewhat obliquely cut off or shoe-sole-shaped,

curved.^ Concerning the statement that the furca in Artemia was only
terminally bristled, this is incorrect, as even in one and the same species

the furca can be more or less developed, being bristled either terminally,

or both terminally and laterally, according to conditions in life. Bu5
there is a physiological feature, which can be added to the charac-

ters distinguishing the species of Artemia from those of Branchipus ; in

the genus Artemia the phenomenon parthenogenesis is known to occur,

which is unknown with Branchipus. After all this is a negative char-

acter for Branchipus, but is important together with other structures
in Artemia. Consequently, according to my view, the distinguishing
characters of the genera Artemia and Branchipus are the following

:

Genus Artemia.

Eight apodous abdominal segments, of which the first two bear the exter-

nal sexual organs, but the last about twice as long as the preceding, being

homologous to the last two abdominal segments, the apodous eighth and
ninth, in Branchipus. The segments of the abdomen have a considerable

' In some species of Branchipus, like B. ruiricaudatus Klunzinger, the male claspers

are divided at the end into several branches.
2 Consult my paper in the "Schriften" of the third meeting of Russ. Naturalists at

Kiow, 1871, Zoological section, Plate III, figs. 1 to 3 and 5.

33 H
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greater length than width. The antennae of the second pair (claspers)

are more or less broadened in the males, and have principally on their
second interiorly directed part a flattened form. These antennae are
either without appendages, or only with a few little developed append-
ages, in the form of rounded or knob-like protuberances on the interior

margin of their anterior, outwardly directed, or finally with small ap-
pendages in the shape of denticular spines near their base. For the
most represents the little developed, terminally and often laterally,

bristled abdominal furca, a simple prolongation of the last segment of
the abdomen ; the furcal branches are conical or stylet-shaped, seldom
tabulate. Parthenogenesis is known to occur in this genus.

Genus Branohipus.
•

Nine apodous dbdominal segments [Branch, stagnalis excluded f), ofwhich
the first two hear the external sexual organs, the last segment located before

thefurca being not larger, but mostly smaller than its preceding. The an-

tennae of the second pair (claspers) in the males have their first joint

stout, often with much developed appendages on their sides or at their

base, in the shape of digitate processes or denticular tuberosities, the
second part being more slender and narrower than the first ; in the op-

posite case the antenna is terminally divided into several branches. The
generally much developed, laterally and terminally, bristled furca has
its branches nearly always of a tabulate form, which are separated
from the last segment by an articulation. Parthenogenesis is unknown
in this genus.
Eleven pair of legs are the common character for these two genera,

distinguishing them from the genus Folyartemia Fischer, which has
nineteen pair of legs and a lesser number of apodous segments of the
abdomen.
Odessa, May 5, 1877.
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EXPLANATION OF PLATE I.

LiMNETis MUCRONATUS Packard.

Fig. 1. The male, enlarged ; the first antennae unfortunately omitted by the artist.

Fig. 2. Second antenna of female, x i ToUes objective A eye-piece.

Fig. 3. Either the fiirst or second foot of female ; P, first endite or gnathobase
;

P-l^, second to sixth endites; br, gill (giU-sack; br', upper, h-", lower
end of flabellum, X i A.

Fig. 4. One of the anterior feet of female, X i A.
Fig. 5. Hand or fourth endite of the first foot of male

; p, palpiform appendage of

the fourth endite; l^, the fifth exopodite, and P, the sixth, modiiied to form
a curyed, finger-like, grasping spine ; comb, the comb-like inner edge of

fourth endite of the hand.
Fig. 5a. Branchia {br) of the same leg.

Fig. 6. Telson or end of the body of the female.

Fig. 1 drawn by J. H. Emerton ; Figs. 2 to 6 drawn, and details filled in with camera
lucida, by the author.
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EXPLANATION OF PLATE II.

Details of Limnetis gouldii Baird. (For figure of the entire animal, female, see

Fig. 1 in text.)

Fig. 1. First leg of female, X i A. Lettering as in Plate I. The lower branchial lobe
(ir") very slender, and subjointed, as in the fifth and sixth endites (i*, P).

Fig. 2. First leg of male.
Fig. 3. Second antenna, X i A.
Fig. 4. First antenna, from the same specimen as Fig. 3.

Fig. 5. Eyes (double), with the optic nerves ; the cornea and retina removed.
Fig. 5a. A portion of the optic nerve situated half-way between the brain and eye,

magnified ^ B Tolles, to show the ganglion cells, constituting the greater
» portion of the optic nerves.

Fig. 6. Cornea, with the peripheral circle of crystalline cones, and the retina in the
middle of one of the double compound eyes.

Drawn, with the details filled in with the camera Inoida, by the author.
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EXPLANATION O!'^ PLATE III.

EsTHERiA BELFRA'GEi Packard, and details, with details of E. jonesii Balrd,

Fig. 1. The male of E. ieJfragei, much enlarged, in its shell.

Fig. 2. Second antenna ot male of JE. belfragei.

Fig. 3. First antenna of ^s</ima_/owesu.

Fig. 4. First leg of male E. belfragei.

Fig. 5. First leg of male of E. jonesii. The process extending beyond the gill is prob-
ably a muscle.

Fig. 6. Second leg of male of E. belfragei.

Fig. 7. End of body, with telson, of E. jonesii.

Fig. 1 drawn by Mr. E. Burgess ; details drawn, and filled in with the camera
lucida, by the author.
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EXPLANATION OF PLATE IV.

EsTHERiA CALiFORNiCA Packard, and details.

Fig. 1. The male, much enlarged.
Fig. 2. Second antenna of female, x about 30 diameters.
Fig. 3. First antenna of female, x about 30 diameters.
Fig. 4. First leg of female, x about 30 diameters.
Fig. 5. Leg of third pair of female; 6r', the extremely long and slender upper

branchial lobe forming the oviger.

Fig. 1 drawn by Mr. E. Burgess, the details by the author, with the camera lucida.
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EXPLANATION OF PLATE V.

ESTHERIA COMPLEXIMANUS Pack., and details.

Fig. 1. Male; much enlarged, ant^, Ist antennae; anP, second antennae; md, mandi-
"ble ; mus, adductor muscle ; hr, gill ; ir', upper, and hr", lower end of
flabellum.

Fig. 2. Second antenna of male.
Fig. 3. First antenna of male; atn, antennal nerve ; ol, olfactory process.
Fig. 4. Five terminal joints of Ist male antenna, showing the terminal fibers of the

antenna] nerve imbedded in the sense-cells ; ol. pap, olfactory papilln.
Fig. 5. First leg of male.
Fig. 6. Second leg of male.
Fig. 7. One of the foremost legs of the female ; br", broad, flat lower end of flabel-

lum, closely resembling in form the sixth endite (P).

Fig. 7a. First endite, or gnathobase of Fig. 7, forming the maxilla-like lobe situated
on each side of the median ventral line of the body, just behind the month;
c s, setae, Xi A..

Fig. 76, Five setae of the gnathobase still further enlarged, to show the mnsonlar
tissue (not nerves) enteringbaseof the jointed setae; the outer jointMn^ed.

Fig. 1 drawn by Mr. E. Burgess; the others by the author, with the camera land*.
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EXPLANATION OF PLATE VI.

EULIMNADIA TEXANA Pack.

Fig. L Eulimnadia texana; female, much enlarged.
Fig. 2. One of the first pair of feet ; en^-en^, endites 1-6; Jl, flabellum.
Fig. 3. Second foot of the male

;
{ex* should read en*).

Fig. 1 was dra'wn by Mr. Burgess; the others by the author.
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EXPLANATION OF PLATE VII.

EULIMNADIA TEXANA autl E. AGASSIZII.

Fig. 1. Eidimnadia texana, hand of second foot of male, enlarged.
Fig. 2. First foot of male.
FiG: 2a. Hand of extremity of fifth endite, much enlarged, showing the broad, flat

setae at tip, and the accumulation of sense-cells.

Fig. 3. Front of head, showing the eye and frontal process, or "haft organ."
Fig. 36is. First and second antennae.

Fig. 4. Telsou, 4a, end of caudal appendage, a little more enlarged.

Fig. 5. Eulimnadia agaasizii, head, with frontal process {fp ), eye, and first and second
antennae.

Fig. 6. Eulimnadia agassizii, telson.
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EXPLANATION OF PLATE VIII.

Artemia gracilis Verrill. (From Utah.)

Fig. 1. A dorsal view of male head and claapers; oc, ocellus; at, Ist antena* ; at' , 2d
antennsB or claspers.

Fig. 2. An anterior leg.

Fig. 3. A middle leg.

Fig. 4, A last leg.

Fig. S. End of abdomen.

Drawn and details filled in with camera lucida by the author.
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EXPLANATION OF PLATE IX.

Beanchinecta paludosa with details.

Fig. 1. Male, at, first antennae ; at', claspers, or second antennae ; p, penis (gonopoda).
Fig. 2. Female. This and Fig 1 enlarged several times.
Fig. 3. First foot of male, X 50 diameters.
Fig. 4. Second foot of male, X 50 diameters.

^

Fig. 5. Tenth foot of male, X 50 diameters.
Fig, 6. End of abdomen, with the caudal appendages.

Figs. 1 and 2 drawn by J. H. Emerton for Bessels' report on the Voyage of the
Polaris; kindly loaned by Dr. Emil Bessels. Figs. 3-6 drawn and filled in with th^-

camera lucida by the author.



T,'. 8. GeolooicaJ Svii"\ev. Plate IX

ADlm.:'^'

-P'

/of I

f /

H

pr

'1.5, ?'.<

i"'r

//////I I

'

'fix€'

J

A

Fi^. 4.

't

i^ ^^^'^ ^is.

. and A.S Paok.iT-d, del







534 GEOLOGICAL SURVEY OF THE TERRITORIES.

EXPLANATION OF PLATE X.

Branchinbcta paludosa and B. colorajdensis.

Fig. 1. Branchinecta paludosa Miill. {arcticu Verrill.), first foot of male.
Fig. 2. Branchinecta paludosa Mull, (arctica Verrill,), second foot of male.
Fig. 3. Branchinecta paludosa Miill. {arctica Verrill. ), tenth foot of male.
Fig. 4. Branchinecta paludosa Miill. (arctica Verrill.), eleventh foot of mats.
Fig. 5. Branchinecta palndosa Miill. (arc<ica Verrill.), cercopoda.
Fig. 6. Branchinecta coloradensis Packard, first foot of male.
Fig. 7. Branchinecta coloradensis Packard, eleventh foot of male.
Author, del.
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EXPLANATION OF PLATE XI.

Brajstchlnecta Lindahli and Branchipus vernalis Verrill, and details.

Fig. 1. BrancMnecta lindahli, lOtb foot, X 1^ B.
Fig. 2. Branchipus vernalis Yerrill. Enlarged 3i times; fg, frontal process; int, intes-

tine
; p, penis (gonopoda).

Fig. 3. Branchipus vernalis, first foot of male, X 30 diameters.
Fig. 4. Branchipus vernalis, first foot of female, X 30 diameters.
Fig. 5. Branchipus vernalis, eleventh or last foot, male, X 30 diameters.
Fig. 6. Branchipus vernalis, end of body (cercopoda) of male.
Fig. 7. BrancMnecta lindahli, end of body of female, X 30 diameters.

Fig. 2 drawn by Mr. E. Burgess ; the other figure by the author, with the camera
lucida.
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EXPLANATION OF PLATE XII.

Streptocephalus texanus Pa^'kard, details.

Fig. 1. First foot, male from Kansas, X i A.

Fig. 2. First foot, male from Texas, X 50 diameters.

Fig. 3. Sixth endite of 2d foot, from Texas, x 50.

Fig. 4. Sixth endite of 9th foot, from Texas, X 50.

Fig. 5. Tenth foot of specimen from Kansas, X 50.

Fig, 6. Eleventh foot of specimen from Kansaa, X 50.

Fig. 7. End of body of specimen from Kansas, X 30.

Drawn by the author, with the aid of the camera lucida.
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EXPLANATION OF PLATE XIII.

Chirocephalus holmani Ryder, details.

Fig. 1. Foot of tlie first jiair, with the following one, from a female; the Ist siightlj

overlapping the 2d foot, X ^ A.
Fig. 2. Tenth foot of a female ; the sixth endite is turned down and the fifth tnmed

up, X Y A., the third and fourth endites not seen.

Fig. 3. Third foot, showing the third and fourth endites, between the Ist and 2d, and
the 5th, only the latter designated hy the sign P.

Fig. 3 a. Sixth endite from the third foot.

Fig. 4. Frontal process of an old, large male.
Fig. 5. Frontal process of younger, smaller male.
Drawn liy the author, with the aid of the camera lucida.
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EXPLANATION OF PLATE XIV.

Thamnockphalus platyurus Packard, detailH

Fig. 1. An anterior leg.

Fig. 2. A middle leg.

Fig. 3. A posterior leg.

Fig. 4". Section through the body, showing the relation of the heart, intestine (ini), and
nervous cord (« g, a pair of nervous ganglia cut through) to the body walla
and the appendages, l^, P, the two last pair of endites, Jm-, the gill.

Fig. 5. The male frontal appendage ; ,5«, end of a branch showing the twigs, and the
wrinkles and spinules with which the appendage is armed.

Fig. 6. The female frontal appendage.
Fig. 7. Side view of the head of the female without the frontal appendage, at, first

antenna ; at^, claspers or 2d autennie ; eye,—the eye and eye stalk.
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EXPLANATION OF PLATE XV.

Fig. 1. Apus ceqiialis Packard, J enlarged twice, la, upper; Ih, under side of the tel-
son enlarged.

Fig. 2. Lepidurua couesii Packard, nat. size. 2a, side view of the same.
Fig. 3. Lepidurus Mloiatus Packard, nat. size.

Drawn by J. H. Emerton.
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EXPLANATION OF PLATE XVI.

Fig. 1. Lepidurus glacialis, enlarged nearly 3 times, la, upper, lb, under side of the
telson enlarged.

Fig. 2. Jpus lucasanns Packard, nat. size. 2a, upper; 26, under side of telson, en-
larged.

Fig, 3. Apus neivberryi Packard, nat. size. 3a, upper; 36 (on right-hand side), under
side of telson, enlarged.

Fio. 4. Apus Jongicaudatus Le Conte, upper, 4a, under side of telson.

Fig, 5. Apus himalayanus Packard, telson. 5a, under side of telson, enlarged.
Drawn by J. H. Emerton.
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548 GEOLOGICAL SURVEY OF THE TERRITORIES.

EXPLANATION OF PLATE XVII.

Fig. 1. Lejndwrus glacialis, first foot; d, guatbobase or coxal lobe; c?', tlie same of the
succeeding limb.

Fig. 2. Lepidurus couesii, first foot.

Fig. 3. Lepidurus couesii, first foot of another (malformed?) individual.
Fig. 4. Lepidurus bilohatus, 5 , first foot.

Fig. 5. Lejyidurus glacialis $ , second foot.

Fig. 6. Lepidurus hilohatus, $ , second foot.

Fig. 7, Lepidurus couesii, second foot.

All enlarged ; drawn by the author, with the aid of the camera lucida.
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EXPLANATION OF PLATE XVIII.

Fig. 1. Apus cequalis, 9 , tenth foot.

Fig. 2. Apus nmvlerryi, 9 , tenth foot, x, "subapical lobe."

Fig. 3. Apus lucasanus, tenth foot, x, as in Fig. 2.

Fig. 4. Apu^ longicaudatus, tenth foot.

Fig. 5. Apus lucasanus, eleventh foot of the female, with the ovisac, containing a few
eggs.

Fig. 6. Apus longicaudatus, eleventh foot of female.
Fig. 7. Apus netvherryi, eleventh foot of female.

All the figures on this and Plates XIX-XXI much enlarged, and drawn by the author

with the camera lucida.
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562 GEOLOGICAL SURVEY OF THE TERRITORIES.

EXPLANATION OF PLATE XIX.

Fig. 1. Apus lucasanus, first foot ; cl, gnathobase ; cl, tliat of the following appendage.
Fig. 2. Apu8 cequalia, second pair of feet.

Fig. 3. Apus newberryi, $ , second pair of feet.

Fig. 4. Apus longicaudatus, second pair of feet.

Fig. 5, Apus lucasanus, $ ; second pair of feet ; differs from the female in having the
filaments on the gill.
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EXPLANATION OF PLATE XX.

Fig. 1. Aptis newierryi, $ , first foot.

Fig. 2. Apus wqualis, $ , first foot.

Fig. 3. Apus longicaudatus, $ , first foot.

Fig. 4. Apus longicaudatus, ^, first foot.
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EXPLANATION OF PLATE XXL

Fig. 1. Lepidarus glaciaUs, female ; tenth appendage.
Fig. 2. Lepidurus glaciaUs, female ; eleventh appendage, with ovisac.
Fig. 3. Lepidurus bilohatus, female ; tenth appendage.
Fig. 4. Lepidurus conesii, male; tenth appendage.
Fig. .5. Lepidurus couesii, female ; tenth appendage.
Fig. 6. Lepidurus couesii, female ; eleventh appendage.
Fig. 7. Apus lucasanus, maxilla,.

Fig. 8. Apus lucasanus, maxilla, seen from the inside.

Fig. 9. Lepidurus couesii, maxilla.
Fig. 10. Apus lucasanus, maxilla.
Fig. 11. Lepidurus couesii, mandible.
Fig. 12. Apus lucasanus, mandible.
Fig. 13. Apus hicasanus, outside view of the same specimen as Fig. 8 represents.
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EXPLANATION OF PLATE XXII,

Anatomy of Artemia and Branchipus vernalis.

Fig. 1. Nauplius or first larval state of Artemia gracilis from Great Salt Lake. I,

first antenuse : II, second antennae, III, mandibles.
Fig. 2. Arteviia f/racilis,tromNew Hayen, ovisac and ovary; c, ovary; d, anterior points

of attachment of the ovary, the intestine passing between them ; e, e, ovi-

ducts.
Fig. 2a. Artemia gracilis, from New Haven, cells of the cement-gland.
Fig. 25. The same; end of the long middle lobe, with the cement-gland cells (ec) and

the fully developed eggs (egg).

Fig. 3. Branchipus vernalis. Male generative organs ; f, testis; i', first dilated portion

of the testis ; t", contracted portion or vas deferens ; t'", second dilated por-

tion, performing the function of seminal vesicle; df, ductus ejacnlaiorius;
gf, glandular and accessory apparatus; c, cirrus; f)r, gill of last left foot ; int,

intestine; hi, heart or dorsal vessel; hli, ostium, or valvular opening of

heart.
Fig. 4. Branchipus rer«aZis, pale variety, ovisac; a, external wall of the ovisac; b, in-

ternal wall of the same ; c, the two ovarian tubes (somewhat twisted and
Ktretchedin living specimens^; d, anterior continuation of the.same; e, the

two muscular oviducts; /, lateral portion of the cement-gland; g, median
portion of the same ; h, female valvularorifice ; ai^, third abdominal segment.

Fig. 4a. Ovaries (ovt) and oviducts (oi') of pale vai'iety.

Fig. 4b. Side view of a contracted oviduct.

Fig. 4c. Branchipus vernalis , oviduct filled with eggs, of an old red female; a, valvule,

below which is the orifice ; c, transverse ridge ; d, lateral protuberances ; e,

margin of the following segment.
Fig. 5. Branchipus verHaZis, frontal process of a red male, the right side being the outeI^§

edge, with double-headed papillEe.

Fig. 5a. One side of same in a pale male.
Fig. 6. r, s, t, different forms of ocelli or median eye in pale races, $ and 9 •

Figs. 1, 2, '2a, 2b, drawn by the author; the others by C. F. Gissler, Ph. D.
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EXPLANATION OF PLATE XXIII.

Artemia gracilis Verrill (from New Haven), details.

Fig. 1. Artemia gracilis YerriW. Head, showing tlie relation of the brain to the eyes,

optic nerves, and ocellus (ocel), with the stomach and liver ; 7n(1, mandible

;

gl, rudimentary shell-gland.
Fig. 2.. Front of the body, showing the circulation of the blood; hf, heart; the dots

and arrows indicate the course of the blood-currents ; int, intestine.

Fig. 3. End of the same individual represented by Fig. 2 ; lit, end of the heart, with
the two valves (seen at Fig. 3a) ; rec, rectum ; m, three pairs of muscular
bands which hold the rectum in place.

Fig. 4. Portion of the heart during action; the arrows on each side point towards
the ostia or valvular openings ; the blood discs are represented within
the heart itself ; ep,c, epithelial cells in the walls of the heart; m, muscles
which hold the heart in place.

Fig. 5. End of the body ; rec, rectum; m, muscles; anus, vent.
Fig. 6. One of the compound eyes; cone, one of the crystalline cones; retina, the

black retina; op. n, the optic nervnles; ojyn, the main optic nerve; r.

m, retractor muscle ofthe eye
; g. op, ganglion opticum, consisting of gang-

lionic cells, X i B.
Fig. 7. Circulation of the blood in a foot, the dots representing the blood discs; the

arrows indicating the course of the blood.
Drawn from the living specimens, with the camera lucida. by the author.
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EXPLANATION OF PLATE XXIV.

Fig. 1. JSatheria helfragei, edge of carapace, greatly enlarged, X « Tolles, A. ocular

Fig. 2. Ustheria joneeii, edge of sbell, with a portion chipped off, X i A.

Fig. 3. Eatheria mexicana, Ohio, X i A.

Fig. 4. Estheria daweoni (fossil). Drawn by L. Tiouvelot.
Fig. 4a. Estheria daivsoni, showing the granulated ridges, X i A.

Fig. 4b. Estheria dawsoni, showing the pits between the ridges.

Fig. 5. Estheria californica, X i A.
Fig. 6. Estheria mexicana, Kansas, X i A.
Fig. 7. Estheria morsei, Iowa ; edge of the shell.

Fig. 8. Estheria compleximanus, Kansas; edge of shell, x 225 diameter.
Fig. 9. Estheria mexicana, section through the entire animal, through the front part

ofthorax; ant^, antennae ; an/*, base ofsecond antennae ; shg, section through
the shell-gland ; ir', upper, ir", lower division of the flabellum ; int, intes-

tine ; ng, nerve-ganglion ; 1-6, first to sixth endites.

Fig. 10. Estheria compleximanus. Section through the posterior part of the thorax,

the shell having been removed ; lettering as in Fig. 9 ; wms, dorsal mus-
cles.

All the figures, except Fig. 4 drawn by the author.
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EXPLANATION OF PLATE XXV.

ESTHERIA MEXICANA AND E. COMPLEXIMANUS, details.

Fig. 1. Estlieriamexicana. Second antenna.
Fig. 2. Leg of first pair; male; d, 1st endite.

Fig. 2a. Hand, including the fourth endite with the palpiform thumb {p), and comb-
like edge of the endite.

Fig. 3. Leg of second pair, male.
Fig. 3a. Hand of second pair of male, leg; muse, muscles of hand.
Fig. 3&. Comb, or spiney edge of the fourth endite.

Fig. 3o. Palpus-like terminal joint of the fifth endite, showing the sense-cells with
which it is filled, and the tactile hairs at the extremity, X i A Tolles.

Fig. 4. View of the head with the double-eye, from above.
Fig. 4a. The same, seen from the side.

Fig. 4&. Another lateral view of the head and rostrum.
Fig. 5. End of the abdomen, including the telsou of the male (female the same).
Fig. 6. Estheria compleximanns Packard. End of abdomen.
Drawn, and details filled in with the camera lucida, by the author.
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EXPLANATION OF PLATE XXVI.

Fig. 1. Estheria morsel Pack ; male, much enlarged.

Fig. 2. Estheria morsel ; male, first foot.

Fig. 3. Eulimnadia texana Pack. ; end of first' antennae, showing the olfactory papillae,

and crowded nerve sense-cells.

Fig. 4. Limnetis gouldii Baird ; end of first antennae, showing the nerve-endings, the

large nerve-cells, and the long, finger-like olfactory papillae, X i A.

Fig. 4o. Portion of end of the same, X i B ocular, showing the nuclei in the papills
and the series of nucleated sense-cells. (The line on the right side was
drawn by mistake ; it should form the left side of Fig. 4.

)

Fig. 5. Limnetis irevifrons Pack. ; first antenna.
Fig. 5a. End of the same (Fig. 5), much enlarged.
Fig. 6. Limnetis gouldii ; portion of the ovary, X i A.
Fig. 1 was drawn by Mr. E. Burgess ; the other figures by the author.
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EXPLANATION OF PLATE XXVII.

Fig. 1. Limnetis irevifrons Packard ; second antenna of female.
Fig. 2. Limnetis irevifrons Packard ; first leg of female.
Fig. 2a. Limnetis brevifrons Packard ; end of fiist leg of Fig. 2, showing endites 4-6

and the lower division of llabellum (br").

Fig. 3. Limnetis brevifrons Packard ; male, first leg {en^ above en^ should be era*).

AU the figures drawn by the author.
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EXPLANATION OF PLATE XXVIII.

Figs. 1-5. Ustheria mexicana Glaus,Jmmature specimens from Kentucky {E. elarkii

Pack.).
Fig. 1. Thoracic leg, female.
Fig. 2. Fifth leg from the last.

Fig. 3. First antenna.
Fig. 4. Second antenna.
Fig. 5. Telson.
Fig, 6. Estheria jonesii Baivd ; second anteima.
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EXPLANATION OF PLATE XXIX.

Fig. 1. Estheria mexicana Glaus, from Kansas {E. caldwelU); first antenna ; ol, olfac-

tory lobes ; at, n, antennal nerve.
Fig. la. Terminal joints of the same, filled with olfactory cells ; no papillas present.
Fig. 1&. Olfactory lobes from near the middle of the antenna.
Fig. 2. Estheria mexicana {caldwelU) ; three terminal joints of the second antennae,

showing the nerve-endings and the sense-cells at the base of the setae.

Fig. 3. Estheria compleximanus, edge of sixth endite (of PI. V, fig. 7), showing the
ends of the tactile nerves leading to base of tactile setae and connecting
with the marginal nerve; with the two series of independent nerve or
ganglion cells, X 225 diameters.

Fig. 4. Estheria compleximamis Pack. ; end of the dorsal lobe or oviger of one of the
anterior legs (figured on PI. V, fig. 7), showing the tactile nerve (tn) with
its ganglionic enlargement near and at the end of the lobe ; with the gan-
glion cells at the base of the setae.

Fig. 5. Estheria compleximanus, end of 5th endite of Ist leg (PI. V, lig. 5), showing the
very large crowded ganglionic tactile cells (gc).

Fig. 6. Branchipus vernalis Verrill. End of 1st antenna, with the three tactile setae at
the tip; n, antennal nerve; gc, ganglion cells, X iA.

Fig. 7. Thamvocephalus platyurus Pack. The 3d or 4th endite of the 1st foot, with n
the nerve to the endite, the large ganglion cells arranged in quite regular
series, and tn the origin of a tactile nerve passing into the seta (s) ; each seta
is about to moult, as the new setae with the fine setulae are present.

Fig. 8. Thamnocephalus platyurus Pack. Portion of the edge of 1st or innermost endite
of 1st pair of feet ; w, nerve-fibres; grc, ganglion cells ; to, tactile ners'es pass-
ing into the long, slender seta3 (s), near tn, the marginal row of tine setae.

Fig. 8 a. Thamnocepholus platyurus Fack., Cuticleofflabellum with nuclei (») and tine

tubercles.
Fig. 8b. Thamnocephalus platyurus Pack. Cells at base of 5th endite containing fat

granules.
i'lG. 9. Limnetis gouldii. One eye with the cornea removed, the same specimen as repre-

sented on PI. II, fig. 5. Op. n, optic nerve; the upper op. n. shoitld be op. g,
optic ganglion. From the peripheral nucleolated cells the nerves with the
rods (if the latter are present) converge towards the optic ganglion; tr. m,

transverse nerves arising fi'om peripheral cells and connecting the two eyea.

A.11 the figures drawn with the camera lucida by the author.
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EXPLANATION OF PLATE XXX,

Fig. 1. Branchiima vernalis Verrill. Sixth endite of an anterior leg, showing the nrns-
cles and tactile nerves, which arise independently of the central nervous
system near the margin of the lobe ; nc^, inner series ; ««*, marginal series of
ganglion cells ; on the left side the origin of the setal nerves are seen.

Fig. 2. Streptocephalus texanus Pack. The 6th endite of an anterior foot.

Fig. 3. Sireptocephalua texanus Pack. A portion of fig. 2 x i A, showing the mode of
termination of the muscle in the middle of the lobe ; the origin of the setal
nerves from the inner series of ganglion cells («c) ; s, seta.
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EXPLANATION OF PLATE XXXI.

Fig. 1. Apas lucasanusFack. Seen from beneath. Enlarged 3|- times, wiii, mandibles.
Fig. 2. Apus lucasanus Pack. First antennae.
Fig. 2a. A2ms lucasanus Pack. End of the same magnified. The antennae of both

pairs drawn to the same scale.

Fig. 3. Apus lucasanus Pack. Maxilla, showing the (a) anterior and (&) posterior di-

visions of the free edge ; max, the gill of the maxillipede.
Fig. 3a. Ajms lucasanus Pack. Maxillipede, represented by the gill only.
Fig. 4. Apus lucasanus Fack. First leg giving (with some changes) Lankester's nomen-

clature of the parts; ax^-ax*, the pseudojoints; en^-en^, the six enditeSj with
the gill and flabellum.

Fig. 5. Apus iucasamis. The oostegite, or part of the 11th pair of legs of the female
containing the eggs; os, aperture of the sack; Jl, modified flabellum; x, the
greatlv enlarged subapical lobe' (compare Plate XVIII, figs. 2, 3, 4x, and
Plate XXXII, fig. 2x); br, the gill.

Fig. 6. Limnetis brachyura (Europe). AnP, 1st antenute ; anP, 2d antennae ; lai,

labram ; sh. g, shell gland ; iiit, intestine ; ht, heart ; add. ms, adductor mus-
cle; oG, ocellus; ind, nsjandible; liv, liver.

Fig. 7. Limnetis hracliyura. Section through the body and shell (s7t); ht, heart; int,

intestine; ov, ovary; 1-6, the six endites.

Fig. 8. Limnetis hracliyura. Brain (6r) and nervous cord; ?i. ant^, origin of 1st anten-
nal nerve ; n. anP, 2d autennal nerve ; md. g, mandibular ganglion ; vix. g,
maxillary ganglion ; G^, G^, succeeding thoracic ganglia. Other letters as
in Fig. 7.

Fig. 9. Distomum apodis Pack. Amer. Naturalist, vol. xvi, p. 142, Feb., 1882. Side
view, greatly enlarged. A parasite in oostegite of Apus lucasanus.

Fig. 9 his. The same; ventral view.
Fig. 1 drawn from nature by J. S. Kingsley ; Figs. 6-8 copied from Grnbe ; the others

draA\ii with tbe camera by the author.
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EXPLANATION OF PLATE XXXII.

Fig. 1. Apus lucasanus Pack. Section tlirougli tlie body, with the intestine removed
md, inamlihle ; anP,ant^, let and 2d antennas; leg^, first pair of legs; br,

flabelhim ; oi\ ovary ; ng, gangliouic chain.

Fig. 2. Transverse section through the body at the 7th or 8th pair of feet, the
shell removed, mu8, dorso-ventral adductors of the feet, crossed by the ad-
ductors of the exites; ht, heart; int, intestine; ov, ovary; «. g', ventral
ganglion; en^-en^, endites; br, gill; Jl, iiabellum; x, eubapical lobe.

Fig. 2a, Ifit antenna; 2b, 2d antenna; 2c, the extremity of 2d antenna, Tvith 4 bead-
like joints, showing the three imperfect joints, the third ending in a monili-

form portion.

Fig. 3. Maxillipede with the gill (br) and single endite.

Fig. 4, 4a, dorsal and lateral view of the brain of the European Apm cancriformis;^ hr,

brain; com, commissure to subcesophageal ganglion; g op, optic gauglioti;

00, ocellus ; oes, end of oesophagus.
Fig. 5. Brain and part of A^entral cord of Apus cancriformis ; oc, nerve tto ocelli ; awi',

ant^, first and second autennal nerves ; G', oesophageal ; G", mandibular
ganglion, sending ofi" three mandibular nerves (n md); d, descending oeso-

phageal nerve; h, unpaired or lower oesophageal ganglion; oes, nerve pass-

ing to the muscles of the oesopliagus.

Fig. 6. Heart of Apus cancriformis.

Fig. 7. Apus lovgicatidatus, portion of embryonic membrane lying next to the chorion,

and supposed to represent the amnion in Limulus ; the nuclei in many of

the cells have become absorbed.

Fig. 8. An egg of the same, showing the cellular nature of the amnion.
Fig. 8a. A portion of the same amnion seen sideways of the egg.

Fig. 1 drawn under the author's direction by J. S. Kiugsley; Figs. 4, 4a, 5, and 6,

copied from Zaddach; the remainder drawn with the camera by the author.
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EXPLANATION OF PLATE XXXIII.

Fig. 1. Estheria mexicana Clans (Caldwelli, from Kansas). Section through the shell,

hinge, and body ; oes, cBsophagus ; oc, larval eye or ocellus ; add, m, adduc-
tor muscle of the valves ; md, mandibles; ov, ovary; gl, liver

Fig. 2. The same, section through the stomach, showing the biliary ducts leading into

the stomach from the convoluted liver lobules ; h; brain.

Pig. 2a. Section through a biliary tube.

Fig. 3. Eye of E. mexicana ; c, cones ; r, rods.

Fig. 4. Oblique section through head of E. mexicana; c, cones; ret, retina.

Fig. 4a. Section of the oesophagus in Fig. 4, enlarged.

Fig. 5. Section through ganglia {gang) near but posterior to the maxillse, and through
the intestine {inf).

Fig. 6. E. mexicana, ovary ; ep, epithelium.

Fig. 7. E. mexicana, section through the shell and hypodermis ; sli, shell ; Ic, large

secreting cells
; /, fibers.

Fig. 8. BrancMpus vernalis Verr. Section through the brain and eye, Xi A; 8a, a por-

tion from the middle of the brain, xi A.

Fig. 9. Brancliipus vernalis Verr. Section through the eye ; c, cones ; ref^, retina ; re<»,

second retinal streak ; r, rods
; g. opt, optic ganglion ; n. op, optic nerve.

Drawn by the author from sections made by Mr. N. N. Mason.
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EXPLANATION OF PLATE XXXIV.

Fig. 1. Streptocephalustexanns'Pack. Third, developmental stage, dorsal view. Length
0.2™™, oc, ocellus; md, mandibles; mo!p, mandibular palpus; sgf, shell gland

;

m, transverse muscle of the 2d antennse ; m^, levator muscle of the labrum

;

m*, rectal muscles ; int, intestines ; s', forked spine on 2d joint of 2d anten-
nae.

Fig. la. Union of the tAvo muscles m' in Fig. 1.

Fig. 2. 2d antennae seen from below. Larva 4.2™'° in length.
Fig. 3. 1st antennss, 3d larval stage; n, antennal nerve; mnc, marginal nerve-cella;

sp. c, bipolar spindle-shaped cells ; s, setae.

Fig. 4. 1st antennas of larva when 3™™ in length; lettering as in Fig. 3; gc, terminal
ganglion cells.

Fig. 5. 2d antennae of larva 4™™ in length; s^, s*, spines of basal joints.

Fig. 6. Mouthparts of same larva as Fig. 5, and drawn to the same proportions ; md,
mandible; mp, mandibular palpus; mx^, 1st maxilla; m'p, 1st maxillary
palpus ; vix"^, 2d it- axilla.

Fig. 7. The maxillae (1st and 2d) of larva when i")™™ in length.
Fig. 8. Chirocephalus holviani Ryder (Glendale, L. L), tip of lat antennae and olfactory

seta.

Fig. 9. Mouth of larva of S. texanus when .5™™ in length.
Fig. 10. BrancMpus vernalis Verrill. Olfactory seta.

Fig. 11. Chirocephalus holmani Ryder. Dorsal bristle of 3d segment, a little way from
the articulation ; Fig. 11a, the same on the 2d (genital) segment.

Xote,—All the figures in this plate were dT.awn by C. F. Gissler, Ph. D.
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EXPLANATION OF PLATE XXXV.

Fig. 1. Apus lucasanus Pack., raised from mud from Kansas. Larva about 7"™ long.
Fig. 2. 1st antenna of larva 5™™ long,
Fig. 3. 2d antenna of Eulimnadia texana Pack.
Fig. 4. Mandible (left) of Apus lucasanus Pack.
Fig. 4a, Mandibular palpus of Eulimnadia texana Pack.
Fig. 4h. The last smallest tootb on the cutting edge of the mandible, enlarged.
Fig. 5. Apus lucaaarMs; 1st maxilla of larva 5^^ in length, with the maxiflary lobes

and the spinose portion.
Fig. 6. 2d maxilla of Fig. 5, drawn to the same scale.
Fig. 7. Apiis lucasanus; Ist leg of male larva when 5™™ in length, en^-en^, emdites 1-6.

ax'—ax*, pseudo-joints of the axis of the limb ; en^, the gnathobase.
Fig. 8. Apus lucasanus; End of abdomen of larva 3-5"™ lo^g-
Fig. 9. A2ms lucasanus; End of abdomen of larva 1™™ in len^h. ree, rectum; m,

sphincter muscles of anus ; a', chitinous rod.
Fig. 10. Apus lucasanus; Lower margin of shield of ^ 5™™ in length ;*Zot, lateral line

becoming gradually obliterated ; ip, inner posterior line.

N'»ie,—All the figures on tms plate were drawn by C. F. GiBsler, Ph. D.
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EXPLANATION OF PLATE XXXVI.

Fig. 1. Nebalia Inpes Kroyer; female, much enlarged.
Fig. 2. Xebo.Ua hipes ICroyer; female, head ; ros, rostrum; car, carapace; ant^, Ist an-

tenna, (1-5) live basal joints; ex, exopodite; cd, endopodite; anP, 2d antenna,
with 1-3, three basal joints; pes^, part of first pair of feet; md, mandible;
m,»i, first maxilla; mx^, second maxilla; st, stomach.

Fig. 3. The carapace flattened out to show relations of rostrum.
Fig . 4. Mandible, md, cutting edge

; p, palpus.
Fig. 5. The two maxillse; 1-4, the four lobes of the coxopodite.
Fig. 5ti. 1st maxilla; ex', cx^, coxopodite; en, endopodite.
Fig. 6. (Omitted.)
Fig. 7. Cercopoda or caudal stylets.

Fig. 8. Portion of dentate edge of an abdominal segment.
Fig. 9. Section thi'ough a ventral ganglion. Author del.
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EXPLANATION OF PLATE XXXVII.

Fig. 1. Nebalia hipes Kr. 9 ; Ist antenna; lettering as in PI. 36; k, lobe from 4th joint.
Fig. 2. 2d antenna.
Fig. 3. One of the 3d or 4tli pair of thoracic feet; Jl, flabellnm; ex, exopodito; en,

endopodite.
Fig. 4. One of 2d pair of abdominal legs; ret, retinacnlum; en, eiadopodit'« ; «x, exop-

odite.

Fig. 5. One of the fifth pair of abdominal feet.

Fig. 6. Section through the body just behind the firet pair of thoracic feet, through
the stomach (si), and the two anterior eoeca (ocBo); add. mus, addnotox
muscle; sh, shell.

Fig. 7. Section through one of the o(Boa.
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EXPLANATION OF PLATE XXXVIII.

Lettering.

a', first pair of antennae.

a^, second pair of antennae.

md, mandibles.
mx^, first pair of masillce.

inctf^, second ]oair of maxillse.

pd', first pair of tlioracic feet.

2?&", second pair of thoracic feet.

th. I, tlioracic feet,

at. /, abdominal feet.

OB, ossophagns.
ep, epithelium of stomach.
p. d, procephalic or antennal lobe.

si, stomach.

Fig. 1. Embryo of Neialia geojfroyi in the Nauplius stage.

Fig. 2. The same, farther advanced, with the -rudiments of the cephalic and first two
thoracic appendages and the hind gut.

riG. 3. The same, still more advanced, the biramous thoracic feet developed.
Fig. a. Embryo of the same nearly ready to hatch.
Fig. 5. Embryo at the time of hatching.

Figs. 1-5 copied from Metschnikofi'.

Fig. 6. Embryo of Schizopod Pseudomma roseum. Copied from Sars.
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EXPLANATION OF PLATE XXXIX.

FiG- 1. End of postabdomen with the furca of Artemia salina taken from the Kujal-
niker salt lake in spring, 1871, at 8° Beaum6, after an inundation.

Fig. 2. The same part of an Artemia salina taken in summer, 1872, at 14° Beanm^, from
the Kujalniker salt lake.

Figs. 3 and 4. The same parts of the already more changed Art. salina, taken from
the same lake in summer, 1873, at 18° concentration.

Fig. 5. The same part of an Artemia forming a transition between Art. salina and Art.
milhausenii. Taken from the same lake in the first half of August, 1874, at
23^° concentration.

Fig. 6. End of the postabdomen of an Artemia which I take for Art. milhausenii.
Taken from the same lake in beginning of September, 1874, at 25° concen-
tration, when salt began to deposit itself.

Fig. 7, One of the middle gills of Art. salina.

Fig. 8. One of the middle gills of Art. milhausenii.
Fig. 9. The lower part of the postabdomen of au Art. salina taken from the Hadschibei

Lake at 10° concentration.
a, end of the sixth segment ; i, seventh segment ; c, long eighth segment

with the furcal lobes; d. bristles occurring at the end of each segment
before the articulation (but two have been drawn of each ring) ; e, the
same bristles nearly in the middle of the eighth segment.

Fig. 10. The lower part of the postabdomen of a young specimen of the third genera-
tion of Art. salina, which was domesticated in gradually diluted salt water
for the purpose of yielding progressive growth.

a, end of the sixth segment ; b, seventh segment ; c, eighth segment ; d,

ninth segment ; e, two of the bristles fi'om the bristle-ring occurring at
the end of each segment before the articulation

; /, spot where the long-

eighth segment divided into two segments, the eighth and ninth.
Fig. 11. A group of cuf icular cells found near the base of the above-mentioned bristles

of the postabdomen of Art. salina, whose lower part is illustrated by Fig. 9.

Fig. 12. A group of denticular spines found uear the base of the bristles of the post
abdomen of progressively changed individuals of Art. salina, whose lower
part of the postabdomen is illustrated by Fig. 10.

Figs. 1 to 10 are 65 times, 11 and 12 are 330 times magnified. Copied from Schmau-
kewitch.
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PACKARD'S PHYLLOPOD CRUSTACEA.
A monograph of the phyllopod Crustacea of North

America, with remarks on the order Phyliocarida.

By A. S. Packard, Jun. Author's edition,

extracted from the twelfth animal report of

the U. S. geological and geographical survey.

Washington, 1883. 298 p., 39 pi., map. 8°.

Although Professor Packard began publish-

ing upon the Phyllopocla long ago, and has for

several years been well known to be engaged
upon a monograph of the North-American spe-

cies, the bulk of the work just published, and
the profusion of its illustrations, are a great

surprise. It is the most extensive, and in

man}' ways the most important, monographic
contribution to American carcinolog^' ; and,

however we may criticise the execution of the

work, every student of the American fauna

must feel grateful to the author for undertak-

ing and accomplishing it.

The work is much more than a systematic

monograph of North-American Phyllopoda,

as the following table of contents will show :

I. Classification of the living Phyllopoda,

which includes the systematic description of

the North-American species ; II. Geological

succession, including descriptions of the North-

American fossil species ; III. Geographical

distribution ; lY. Morphology and anatomy

;

V. Development, metamorphoses, and gene-

alogy ; VI. Miscellaneous notes on the repro-

ductive habits of Branchipodidae, b}' Carl F.

Gissler ; VII. The order Phyliocarida, and its

systematic position ; VIII. Bibliograph}^ ; Ap-
pendix, consisting of translations or abstracts

by Gissler, of papers by C. T. von Siebold,

on Artemia fertilis from Great Salt Lake, and
on parthenogenesis in Artemia saliua ; and by
Schmankewitsch, on the relation of Artemia
salina to Artemia Muehlhausenii and to the

genus Branchipus, and on the influence of ex-

ternal conditions of life upon the organization

of animals. There is some confusion between

the titles of the principal divisions, which are

given above, and the table of contents in the

work itself. Scarcely an}' of the titles are the

same ; and, in place of ' Miscellaneous notes

on the reproductive habits of Branchipodidae,'

_we Jiaye,_jnjLhe table of contents, ' Relation



to their environment; habits,'— subjects no-

where treated under a separate heading ; and
all reference to the long appendix is omitted.

About a fourth of the entire work is devoted

to the systematic account of the species and
higher groups of Ph^dlopoda, regarded b}' Pro-

fessor Packard as a sub-order of Branchiopoda,

which is made to include Cladocera and Ostra-

coda also. The Phyllopoda are divided as

follows into families and sub-families, which
include the number of recognized North-
American genera and species nearly as indi-

cated :
—

LiMNADIIDAE :

Limnetinae (1 genus, 4 species).

Estheriinae (3 genera, 11 species).

Apodidae (2 genera, 9 species)

.

Branchipodidae :

Branchipodinae (5 genera, 12 species).

Thamnocephalinae (1 genus, 1 species).

All the groups are described ; nearly all the
species are figured, many of them verj' fully

;

and important notes on variabilit}' and habits
are given for some of the species. Artemia
gracilis is treated moi-e at length than any
other species, and is made to include all the
described North-American species ; but, in re-

gard to its relation to the European A. salina,

tiiere is certainly confusion, as the following
paragraphs show.

" Upon comparing our species with the Eu-
ropean, it is difficult to find good diflf'erential

characters, as the portions of the body where
specific diflTerences would be expected to occur
are liable to considerable vaiiation. Upon
comparing a number of females from Great
Salt Lake with a number of females of the
maleless generation from Trieste, Austria,
received from Professor Siebold, there are
really no diflTerences of importance. Our A.
gracilis (Verrill's fertilis) is slighter, with a
smaller head ; and perhaps the second antennae
are a little slighter in build ; I see no essen-
tial diflJ'erence in the form of the ovisac, while
the shape of the legs, especially the sixth en-
dite, is essentially the same " (p. 331).

" On comparing a number of Salt Lake fe-

males with individuals of the same sex of the
European Artemia salina, our species was
found to be undoubtedly specificall}^ distinct

;

the Utah specimens are slenderer, smaller, and



the sixth endite of all the feet considerably

slenderer and longer in proportion than in A.
salina. The ovisacs were of the same propor-

tion but slenderer, and the head is slighter and
smaller in our American species " (p. 333).

Different conclusions on neighboring pages,

in regard to the specific identity of closel}' allied

forms, might be accounted for in a careless

author ; but differences like these in statements

of observation betray inexplicable careless-

ness.

In the chapter on geological succession, a

table of the geological and geographical distri-

bution of the known fossil species is given, and
also a diagram indicating the geological his-

tory of the orders of Crustacea, the sub-orders

of Branchiopoda, and the families of Phyllo-

poda. It is said that this diagram " ma}- also

serve as a genealogical tree, showing the prob-

able origin of the main divisions of the Crus-

tacea :" but the genealogical part of thediagram
consists simply of dotted lines connecting the

points of first appearance in geological histor}^

of the Branchipodidae, Apodidae, and Clado-
cera, with the point of appearance of the Lira-

nadiidae in the Silurian ; the common stem
from this point with the Ostracoda in the upper
Laureutian ; and the branchiopod stem thus

formed, and continued to a hypothetical Pro-
tonauplius in the lower Laiirentian, with the

points of appearance of the Malacostraca,

Phyllocarida, and Cirripedia. On what con-*

ceivable theory of evolution this would repre-

sent a possible, much less the probable, origin

of the main divisions of the Crustacea, it is

hard to imagine, and was probably not serious-

ly considered by the author himself; for it is

far less like a probable genealogical tree than

the diagram on p. 448, illustrating the rela-

tions of the Phyllocarida to other Crustacea.

In the chapter on morpholog}' and anatomy,
Professor Packard discusses at length the mor-
phology of the regions of the body and the

appendages of Arthropoda in general, and of

the crustacean limb in particular, and gives

some account of the anatomy of the phyllo-

pods, but adds very little to our previous

knowledge of the anatomy of the group. The
morphological discussion is an interesting con-

tribution to the subject, and, with the numerous
figures with which it is illustrated, will prove



very useful, although most of the new nomea-~
clature proposed for the regions of the body
and appendages is very objectionable. Pro-
fessor Packard says, " For the primary regions

of the head (sic) , the only scientific terms as

yet in use are those pioposed by Prof. J. O.
Westwood, in Bate and Westwood's History
of British sessile-eyed Crustacea (vol. i. p. 3).

These are cephalon for the head, pereion for

the thorax, and pleon for the abdomen ; while

the thoracic feet are termed pereiopoda^ and the

abdominal legs pleopoda ; the three terminal

pairs being called uropoda. As the names
applied to the thorax and abdomen have no
especial morphological significance, the Greek
Trepaiov, simply meaning ulterior, and -n-Xeov,

more, we would suggest that the head be
termed the cephalosome, the cephalic segments,
cephalomeres , and the cephalic appendages in

general, protopoda, the term ' cephalopoda '

being otherwise in use. The thorax of insects

and of most Crustacea might be designated the

baenosome (^aivo, to walk, locomotion), and
the thoracic appendages, baenopoda, the seg-

ments being called baenomeres ; while urosome
might be applied to the abdomen, the abdomi-
nal segments being called urovieres. West-
wood's term uropoda might be extended so as

to include all the abdominal appendages." If
mere names of parts are to be rejected, simply
for want of 'morphological significance,' the
language of the morphologist would soon be-

come a meaningless jargon, to which it is near
enough already ; but, even as to ' morphological
significance,' there appears to be little choice
between the new and old terms. Bate, when
first proposing the terms ' pereion' ^ and ' pleon,'

expressly states that he derives the terms from
Trepaiod) {'' to walk about ') and TrAeco (navigo)

.

The proposed term ' protopoda ' is quite as un-
fortunate as ' cephalopoda,' since ' protopodite'
and ' protopod ' are already in use for parts of
crustacean appendages, the former even in the
present work. The extension of the terra
' uropoda ' so as to make it synon3-mous with
' ])leopoda ' would also be unfortunate, since, as

now employed, it is a very useful term to des-
ignate the modified caudal pleopoda, whether

1 According to eithfir Bate's or Packard's derivation, this

would be mure properly vftitlon peraeon, as has sometimes been
done, or even pereun.



one, two, or three pairs.

In the chapter on development, metamor-
phoses, and genealogy. Professor Packard
gives a short account of the naiiplius form in

Phyllopoda as an introduction to Dr. Gissler's

interesting notes in the following chapter, and
then briefly discusses the ph3-logeny of the

group, in which he appears to find but one dif-

ficulty. He savs,—
" The diflflculty is (and this is a point ap-

parently overlooked by Fritz Miiller, Dohrn,
Claus, and Balfour) to account for the origina-

tion of the phyllopods at all from any marine
forms. The onlj' explanation we can suggest,

is that the phyllopods have arisen through
Limnetis directly from some orginally marine
cladocerous type like the marine forms now
existing, such as Evadne. We imagine that

when a permanent body of fresh water became
established, as, for example, in perhaps early

Silurian times, the marine forms carried into

it in the egg-condition, possibly by birds or by
high winds, hatched young, which, under favor-

able conditions, changed into Sida, Moina, and
Daphuia-like forms."

Professor Packard appears to have over-

looked the difficulty of the eggs of any marine
cladocerous t^'pe of animals surviving a sud-

den transfer from salt to fresh water, and the_

absence of birds in the Silurian, which might
well deter the boldest speculator from ofl'ering

"such an explanation ; but when we consider that

permanent bodies of fresh water were undoubt-

edly formed by the gradual freshening of bodies

of salt water cut off from the ocean, and that

such bodies of fresh water usnally had outlets

connecting them with the sea, it is not surpris-

ing that Fritz Miiller, Dohrn, and others should

overlook a difficulty which is no greater for

Phyllopoda than for other groups of fresh-

water animals.

In the chapter on his new order, Phyllocarida,

and its S3'stematic position, Professor Packard
describes the anatom}' and development of

Nebalia, and discusses its fossil allies. The
appendages of Nebalia bipes are described and
full}' figured, but on the internal anatomj^ very

little that is new is given. The figures and
text intended to elucidate the histology, like

mostof Professor Packard's similar work, leaA'e

much to be desired.

The bibliography consists of a hundred and



thii't3*-eight titles, divided into four sections,

— one for living and one for fossil Ph^ilopoda,
and the same for Phylloearida. The titles of
man}^ of the works referred to are omitted

in the bibliograph_y, which is evidently ver}^

incomplete ; but its incompleteness is not so

anno3'ing as the entire want of system in its

arrangement, and the frequenc}' of typographi-

cal errors.

Typographical errors are verj' numerous in

all parts of the work ; and many of them cannot
properly be charged to the proof-reader, who,
however, ought to have corrected blunders like

' Yahresbericht ' (several times) and ' zoogloi-

cal,' and the inexplicable punctuation of most
of the bibliographical references in the s^'stem-

atic parts of the work. Errors due to careless

writing or careless compiling are more com-
mon than purel}' tyi)Ographical errors, and far

more confusing. On p. 313 we have the fol-

lowing : "It is difficult to snj whether this is

a Limnadia or Estheria. as the description is

too brief and inexact to enable us to determine

the genus or species. It cannot be a Limnadia,

and seems to approximate more closely to

Estheria ; though it cannot belong to that

genus." On p. 335 it is said that ' Schman-
kevitch ' found ' Branchinecta ferox (Fischer

sp.) ' transform b}' artificial means into Ar-
temia ; but in reality he found an Artemia
change into a Branchinecta, or into what he

considered a Branchipus. On p. 337, 'Lab-
rador examples ' are said to have been taken

'on the north side of Hamilton Inlet, Northern
Greenland.' On pp. 313 and 314 the species

of Estheriinae not recognizable are inserted

between two species of Eulimnadia instead of

at the end of the sub-famity. Two paragraphs
at the bottom of p. 349, under Streptocephalus

Sealii, should have been placed under Chiro-

cephalus Holmani, on p. 352. On pp. 356 to

358 the genus Leaia is inserted between two
species of Estheria.

The plates, perhaps the most valuable part

of the work, are nearly all lithographs from the

establishment of Thomas Sinclair & son, and
are apparently accurate representations of the

original drawings. The general figures, most-
ly drawn b}" Emerton and Burgess, are excel-

lent. The figures of details, drawn b}' the

author, are not always so satisfactory : the

figures of the appendages of Apus and Lepi-

durus, for example, are ver3'rudel3' drawn, and
badly arranged on the plates. Unfortunately,

the amount of enlargement of scarcely an}" of

the figures is given. S. I. Smith.
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The specific distinctness of the American and
European brine shrimps.

In Professor Smith's notice of our 'Monograph of

phyllopod Crustacea,' he states, that, in the portion

relating to the above subject, ' there is certainly con-

fusion,' and quotes two paragraphs relating to the

females alone, and finally remarks, "but differences

like these in statements of observation betray inex-

plicable carelessness."
After quoting the two paragraphs relating to the

females alone, it seems to us a careful critic would
have also taken pains to have quoted the longer para-

graph relating to the males, which directly follows

the first paragraph quoted by our critic. To allow

the two paragraphs relating to the females to be so

widely separated was an oversight on the part of the

author, who, however, thought that he had taken a

good deal of pains to show the specific distinctness

of the American and European species. Two sets of

females from different localities, named by different

persons, were examined at different times ; and this ex-

plains how the two paragraphs became placed too far

apart in the author's copy. It would have been bet-

ter, of course, if the author had added a few words,

and dogmatically stated that the two species were

undoub'tedly distinct. He preferred not to do, or

omitted to do, this, but gave in considerable detail,

and in as judicial a way as possible, the facts of the

case. At first it was ' difficult to find good differential

characters' between the females, and those found are

but slight ones. The females of any of the species of

Artemia, Branchinecta, or Branchipus, do not exhibit

good specific characters; but the males do, as the

author attempted to show. If the author failed in

directness of statement on this subject, or led to any
confusion in any one's mind, he sincerely regrets it:

on the other hand, he doubts whether there were,

in the case, reasons for the charge of 'inexplicable

carelessness.'

The paragraph which Professor Smith would have
done well to have quoted is the following one :

—
" Upon compariBg a good many males from Great Salt Lake

with several, both stained with carmine and unstained, received

from Cagliari, Sardinia, through Prof. J. McLeod of Ghent, the

European A. salina is seen to be considerably stouter, the head
wider, the eye-stalks lonser and larger, and the eyes larger.

The frontal button-like processes of the first joint of the claspers

are nearly twice as large as in the American species, and a little

more pointed, while the claspers themselves are larger and
stouter. The legs and sixth endites are of about the same form.
The most apparent difference is in the caudal appendages, or cer-

copods, which in A. salina are several times larger than in A.
gracilis, being in the Sardinian specimens nearly three times as

long and much larger than in our species. In this respect, the

genus shows a close affinity to Branchinecta. However, in a lot

of A. salina 9 from Trieste, the cercopods are very much shorter

than in the Sardinian females, and only a little longer than in

our American specimens. These appendages do not ditfer in the

two sexes."

A. S. Packakd, Jun.
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